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·1 NTRODUCT I ON 
· · I n  1 886 , We i l  desc r i bed an i nf ec t i ous d i sease cha rac t e r i zed 
by sudden onse t of ma l a i se ,  muscu l a r pa i n ,  f ever , j aund i ce ,  
a l bum i nu r i a , and i n  severe  cases ep i tax i s ,  subcu t aneous hemo r rhages 
and lymphaden i t i s  ( 1 1 3 ) . The d i sease i s  s t i l l  o f t en named af t e r  h i m ,  
a l t hough most cor rect l y  i t  ref ers  t o  the  o f t en f a t a l f orm of human 
l ep t osp i ros i s-caused by Leptospi ra  i nt e r rogans ser ovar 
i c t e r ohaemor rhagi ae . By 1 9 1 4 , I nada and h i s  co l l eagues ( 59 )  had 
successf ul l y  t ransm i t t ed the d i sease to gu i nea p i gs by i nocu l a t i ng 
t hem w i t h t he b l ood of pa t i en t s  suf f e r i ng f r om the  J apanese f o rm of 
We i l 's d i sease . These i nvest i ga t or s  named the o rgan i sm Spi r ochae ta 
i ct e rohaemo r rhagi ae ( 5 9 ) . Concom i tant l y ,  acco rd i ng t o  Noguch i ( 84 ) , 
Hubene r and Re i t e r  i dent i f i ed t he sp i roche t e  i n  t he t i ssues of 
expe r i menta l  an i ma l s ,  thus conf i rm i ng t he causa t i ve agent of We i l 's 
d i sease , and named i t  Spi rochaet a  nodosa . Stud i es pub l i shed i n  1 9 1 7  
by Noguch i ( 84 )  demonst ra t ed ( i ) t he re l a t edness o f  t hese two 
organ i sms as we l l as se�era l other st ra i ns ,  ( i i )  the  p resence of a 
mo rpho l og i ca l l y  and pa tho l og i ca l l y  s i m i l a r sp i r oche t e  i n  the k1dneys 
of w i l d  r a t s ,  and ( i i i )  morpho l og i c  d i f f e r ences sugges t i ng the need 
f o r  a new genus . Leptospi ra was the name g i ven to t hese 
mo rpho l og i cal l y  d i s t i nc t  organ i sms ( 84 ) . 
The genus Lept ospi ra be l ongs t o  t he order Spi rochaeta l es and 
t he f am i l y  Lept ospi raceae ( 63 ) . Cu r ren t l y ,  there  a r e  two Lept ospi ra  
spec i es :  �· i n t e r rogans , wh i ch i nc l udes t he pa t hogen i c  or  pa ras i t i c 
o rgan i sms ; and � .  b i f l exa , a l l of wh i ch a r e  saph rophy t i c ,  f ree- l i v i ng 
l ep t osp i r es ( 63 ). Appr ox i ma t e l y  240 d i f f e r en t  serova r s , the f i na l  
taxonom)c subd i v i s i on o f  these o rgan i sms , have been repo r ted based on 
ant i gen i c  ana l ys i s  v i a  m i c roscop i c  agg l ut i na t i on and c ross­
agg l ut i na t i on absorp t i on t ests  ( 63 ). These ser ovar s  a re ca t egor i zed 
i nt o  serog r oups ( appr ox i ma t e l y  60 ) due t o  ant i gen i c  c r oss- react i v i t y 
(63 ) . I n  add i t i on t o  ant i gen i c  ana l ys i s ,  a numbei of b i o l og i ca l  and 
b i ochem i �a l t es t s  are  used t o  d i st i nqu i sh t�e two spec i �s i nc l ud i ng: 
g r owth  a t  l ow t empe ratures ( 65 ) , sens i t i v i ty t o  8-azaguan i ne ( 66 )  
and/o r t h e  pur i ne der i vat i ve 2 , 6-d i am i nopu r i ne ( 64 ) , t h e  p resence or 
absence o f  l i pase �c t i v i ty (64 ) , t he ab i l i t y t o  g row i n  t rypt i case 
soy b r o t h  ( 63 ) , and the requ i remen t of 1 -2%  NaC l f o r  g rowth  ( 63 ) . 
These b i o l og i ca l  and b i ochem i ca l  t es t s  unf o r t una t e l y  do not  
d i st i nqu i sh be tween se rovars , theref ore  se r o l ogy r ema i ns the pr i mary  
means of  i den t i f i ca t i on of  the spec i f i c .se r ova r ( 6 ) . 
The o rgan i sms are  f l ex i b l e ,  r i gh t -handed ( 23 )  he l i ca l  rods 
tha t  a r e  0. 1 urn i n  d i ame ter  and 6 - 1 2 urn i n  l eng th . The hooks seen a t  
bot h  ends o f  th i s  nega t i ve l y  sta i ned Lept osp i ra  (F i gu r e  1 )  are  
typ i ca l  of  the  o rgan i sm. Leptosp i ras are  en t i r e l y  enc l osed i n . t he 
out e r  ce l l enve l ope or  sheath  (OS). I ns i de th i s  OS i s  the 
prot op l asm i �  cy l i nde r wh i ch con ta i ns bot h  cy t op l asm i c and nuc l ear 
r eg i ons enc l osed by the cyt op l asm i c  membrane-ce l l  wa l l  comp l ex 
( 2 1 , 22 ) . A r ound the he l i ca l  protop l asm i c cy l i nder  a r e  wound 2 
per i p l asm i c  f l age l l a  ( PF ) , a l so common l y  ca l l ed ax i a l  f i l ament s  or  
endof l age l l a  ( 23 ) . Each PF i s  subterm i na l l y  a t tached to the 
p r o t op l asm i c  cy l i nder ( 25 ). The f l age l l a  do no t ove r l ap ;  they ex tend 
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Stua r t  ( 1 02 )  deve l oped an ear l y  cu l ture med i um i n  wh i ch the 
nut r i t i ona l r equ i remen t s  of l ep t osp i ras wer e  p r ov i ded i n  t he f orm of  
a r abb i t se rum supp l ement. One maj o r  drawback of t h i s  med i um i s  that  
var i ab i l i t y i n  rabb i t serum l eads t o  · i ncons i s t ency i n  max i ma l  g r owth 
of  t he l ep t osp i r as ( 1 0 ) . In 1 965 , E l l i nghausen and McCu l l ough ( 36 )  
deve l oped an a l bum i n·med i um for l ep t osp i r a s , wh i ch j ohnson and Ha r r i s  
i mp r oved·upon i n  1 967  (65 ). Mod i f i ed E l l i nghausen , McCu l l ough , 
Johnson and Ha r r i s  ( EMJH)  med i um o r  the  mod i f i ed a l bum i n  med i um of 
Bey and J ohnson ( 1 1 )  are the most common l y  used med i a  i n  t he Un i t ed 
Sta t es ( 1 0 ). The above desc r i bed a l bum i n med i a  r equ i r e  p repa rat i on 
of sepa r a t e  a l bum i n  supp l emen t s  and chem i ca l l y  def i ned basa l med i a  
wh i ch makes med i a  prepa ra t i on bot h  d i f f i cu l t and t i me consum i ng .  
Med i um t ha t  suppo r t s  the growth of  l ep t osp i ras i s  now commer c i a l l y  
ava i l ab l e ,  but i t s expense of t en prec l udes i t s r ou t i ne use . 
Member s  of the spec i es Leptosp i r a  i n t e r rogans a r e  the 
caus i t i ve agent s  of l ep t osp i ros i s  i n  man and an i ma l s ,  a zoonoses of 
wor l dw i de p r opo r t i on. Or i g i na l l y  named We i l 's d i sease , i t  has a l so 
been known as seven-day f ever , aut umn f eve r , swamp f ever , can i co l a  
f ever , pea-p i cker ' s  f ever and many othe r s  (34 ) .  These a l ternat i ve 
names have caused prob l ems i n  d i agnos i s  of  l ep t osp i r os i s ,  because 
t hey a l l r ep r esen t t he same d i sease , w i t h  va r i at i ons i n  t he i nf ect i ng 
serova r on l y. C l i n i ca l  man i f estat i ons can range f r om m i l d  i nf l uenza ­
l i ke i l l ness t o  asept i c  men i ng i t i s  as we l l  as  seve r e  k i dney and 
l i ve r  i nvo l vement ( 28 , 3 3 , 47 , 1 09 , 1 1 6 ). A B raz i l i an study ( 3 1 ) 
r ecen t l y  demonst ra t ed ev i dence of ca rd i ovascu l a r i nvo l vemen t 
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esophagus , and t he conjunct i va of the eye be i ng the most common 
por t a l s_of en t ry of the organ i sm ( 6 , 29 ) . These o rgan i sms can a l so be 
sexua l l y  t ransm i t ted i n  p i gs ,  w i l d  an i ma l s ,  and poss i b l y  man 
(·3 7 , 39 , 47 , 5 5 , 1 09 ) . 
Regard l ess of the i nf ect i ng st ra i n  o r  se r ova r , the d i sease Is 
b i phas i c .  The f i r st  phase i s  cha ract er i zed by l eptosp i rem i a ;  the 
second by l ep t osp i rur i a  and the p resence of  det ec t ab l e se rum 
ant i bod i es ( 6 , 28 , 1 08 , 1 0 9 ) . The presence of sep t i cem i a  dur i ng the 
acut e ,  f i r s t  phase can l ead t o  i nvo l vement of  any t i ssue or organ 
{ 1 09 ). I n  mos t t i ssue , t he phagocy tes e f f ec t i ve l y  r emove the 
o rgan i sms . They do , howeve r , t end t o  co l on i ze the p r ox i ma l  convo l u t ed 
tubu l es of  the k i dneys ( 6 ) , poss i b l y  due t o  t he absence of  phagocy t i c 
ce l l s ,  and a r e  shed i n  the u r i ne produc i ng l ep t osp i ru r i a  ( 1 09 ) . Th i s  
ca r r i er o r  shedder state  may pers i st f r om seve r a l days t o  mon ths or 
. yea r s  depend i ng on the hos t ( 6 , 1 09 ) , and i s  t he mos t i mpo r t ant  fac t o r  
i n  spread i ng t h e  i nf ect i on ( 1 09 ). 
Un t i l  1 960 , human l ep t osp i ros i s  was p r i ma r i l y  an occupa t i on­
assoc i at ed d i sease f ound i n  veter i nar i ans , da i r ymen , sw i neherds�an , 
s l augh t e rhouse worke r s , coa l m i ners , and f i sh o r  pou l t ry p r ocesso r s  
( 6 , 4 7 ) . S i nce t ha t  t i me many outbreaks of  l ep t osp i r os i s  have 
resu l ted f rom recreat i ona l exposu re to con t am i na t ed wa t e r  
{ 20 , 32 , 3 7 , 4 7 , 75 ) . Rec r ea t i ona l exposu re i s  espec i a l l y  common when 
l i vest ock have access to the wa ter  supp l y ,  or the l ep t osp i r es are  
washed i n t o  the wa t e r  af t e r  accumu l at i ng i n  t he so i l of l i ves t ock 
breed i ng a r eas ( 92 ) . 
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S i nce 1 970 , ep i dem i cs- of human l ep t osp i r os i s  have been 
v i r tua l � y absen t , and t he number of cases has been r educed 
substant i a l l y  i n  a l l deve l oped coun t r i es ( 5 2 ) . At t he pr esent t i me 
the number  of  l ep t osp i r os i s  cases repor t ed annua l l y  i s  50- 1 50 i n  the 
Un i t ed Sta t es , 80- 1 80 i n  G reat B r i ta i n ,  1 00- 1 80 i n  F rance , 25-80 i n  
West Ge rmany and 20-70 i n  Sw i t zer l and ( 52 ) . The i nc i dence o f  human 
l ep t osp i rbs i s  caused by serovars  i ct e r ohaemor rhagi ae and can i co l a  has 
been r educed due to i mp roved hyg i ene and work i ng cond i t i ons , rat  
cont r o l , and ef f ect i ve vacc i nat i on of dogs ( 3 7 ) . Howeve r ,  serova r 
hardjo has emerged· i n  r ecen t yea rs as a human pat hogen ( 37 ) . Many of 
t hese cases a r e  not reported , because the d i sease l acks pat hognom i c  
f ea t u r es of  l ep t osp i ros i s  and i s  not c l i n i ca l l y  as severe  as that 
caused by serovar i cterohaemor rhagi ae .  I t  can , howeve r ,  resu l t i n  
l ymphocy t i c  men i ng i t i s ,  hepato- rena l f a i lu r e  and dea t h  i n  38 , 9 ,  and 
.2% of  t he cases , r espect i ve l y  ( 37 ) . Thus , the r epo r t ed annua l cases 
of l ep t osp i r os i s  i s  mos t l i ke l y  s i gn i f i can t l y  l owe r t han t he ac t ua l  
i nc i dence o f  t he d i sease . 
L i vest ock and dogs are  i mpor tant r eservo i rs of  pa t hogen.i c  
l ep t osp i res and can be seve re l y  af f ec t ed by ce r t a i n  serovars . The 
i nc i dence of a f f ec t ed cat t l e  and sw i ne i n  the Un i t ed Sta t es has been 
conser va t i ve l y  est i ma t ed a t  1 8  m i l l i on and 5 m i l l i on cases , 
r espect i ve l y  ( 54 ) . I n  Cen t ra l  and Sou th  Am� r i ca ,  whe re  the d i sease 
i s  mor e  p r eva l ent , an est i mated 62 m i l l i on ca t t l e  and 7 . 5  m i l l i on 
sw i ne a r e  a f f ec t ed by l eptosp i ros i s  ( 54 ) . These f i gu r es , i nd i ca t i ng 
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nea r l y  1 00 m i l l i on af f ec t ed l i ves t ock i n  the Wes t ern hem i spher e  
a l one , i l l us t rate  the w i despread nature  of  th i s  d i sease. 
Ser ovar ha rdjo causes sever e  econom i c  l oss , espec i a l l y  i n  the 
da i ry i ndus t ry .  Two c l i n i ca l  cond i t i ons a r e  r ecogn i zed : ( i )  
aga l act i a ,  the acu t e  f o rm of l ep t osp i r os i s resu l t i ng i n  a sudden drop 
i n  m i l k  y i e l d tha t  may pers i st f o r  pro l onged pe r i ods of  t i me ( 3 7 ) , 
and { i i )  · r ep r oduc t i ve was tage resu l t i ng i n  l a t e  t erm abo r t i ons , 
s t i l l b i r th ,  and premature  o r  t e rm l i ve ,  weak ca l ves { 3 7 ) . Ser ova r 
har djo has been i mp l i cated i n  20-69% of  abo r t ed bov i ne f e tuses and 
r ep resen t s  the mos t seve re f i nanc i a l l oss i n  the ca t t l e  i ndus t ry due 
t o  l ep t osp i ros i s  { 3 7 ,  4 1 -43 , 7 1 ) .  Wh i l e ca t t l e  a r e  the na t u ra l host 
of  serovar  ha rdjo , o ther  se rovars r espons i b l e  f or bov i ne 
l ep t osp i r os i s  i nc l ude se rovars i c terohaemo r rhag i ae ,  can i co l a ,  pomona , 
gr i ppo typhosa� szwaj i zak , and ba l on i ca { 54 ) . 
Lept osp i ros i s i s  not a common l y  r ecogn i zed c l i n i ca l  d i sease 
i n  sheep ( 54 ) , a l though sever e  to fata l d i sease caused by ser ovars 
pomona and har djo have been repor t ed i n  New Zea l and , I ta l y , 
Aus t ra l i a ,  and the Un i t ed Sta tes ( 72 ) . Ha rdjo i s  t he ma j or i nf ect i ng 
serovar i n  sheep ( 3 7 , 72 ) . They appea r t o  be l ess suscep t i b l e  than 
o ther l i vest ock except dur i ng the i mmunocomp r om i sed per i ods : i . e. 2 
weeks p r e- l amb i ng through 1 week pos t - l amb i ng f or ewes and the f i rst  
week of  l i f e f or neonata l l ambs ( 36 , 3 7 ) . Aga l act i a  and r ep r oduct i ve 
dec l i ne a r e  once aga i n  the pr i mary prob l ems ( 3 7 ) . 
P i gs a re the new l y  d i scove red hos t of  ser ova r s  muenchen ,  and 
b r a t i s l ava ( 3 7 ) � They a l so rema i n  the pr i ma ry na t u ra l car r i e r of 
9 
serovar pomona ( 54 ). Reproduc t i ve l osses and i nf er t i l i ty a r e  the 
p r i mary man i f estat i ons of the d i sease , caus i ng sever e  p r ob l ems i n  the 
sw i ne i ndus t ry ( 3 7 ). Serovars  ta rassov i ,  aus t ra l i s ,  gr i ppotyphosa , 
can i co l a ,  i c t e r ohaemo r rhag i ae ,  hardJo� and au t umna l i s  have a l so 
e i t he r  been i so l a t ed f rom or  sero l og i ca l l y  de t ec t ed i n  t he sw i ne 
popu l at i on ( 3 7 , 54 , 68 ). 
I n  hor ses , brat i s l ava i s  the most common i nf ec t i ng se rovar , 
a l t hough t he r e  i s  some geograph i ca l  var i at i on i n  the p r edom i nan t 
ser ovar ( 3 5 ). Wh i l e the maj or i ty of  l ep t osp i ra l  i nf ec t i ons are  
asympt oma t i c  ( 35 ) , abor t i on and fata l j aund i ce i n  f oa l s  are  prom i nent 
f ea tu r es of  t he d i sease ( 37 ) . Per i od i c  oph tha l m i a ( moon-b l i ndness ) 
has been r epo r t ed as a common sequae l ae i n  equ i ne l ep t osp i r os i s  
( 1 09 ) . A s i gn i f i can t assoc i at i on between se r o l og i c  ev i dence of 
l ep t osp i ra l  ant i bod i es and per i od i c  oph tha l m i a  has been f ound ( 3 5 ) . 
Acu t e  and ch ron i c  nephr i t i s  due t o  se r ovar can i co l a  i s  now 
rare  i n  t he can i ne popu l a t i on due t o  ef f ec t i ve vacc i na t i on of dogs 
( 8 , 3 7 , 78 ). I nf e r t i l i ty and abor t i ons caused by brat i s l ava , howeve r ,  
can be a sever e  p r ob l em i n  breed i ng co l on i es ( 3 7 ) . Other serovars  
tha t  cause can i ne l ep t osp i ros i s  i nc l ude aus t ra l i s , au tumna l i s ,  
ba l l um ,  ba t av i ae ,  gr ippotyphosa , and pomona ( 8 ) . 
The p reva l ence of l eptosp i res i n  l i ves t ock , dogs , humans ,  and 
w i l d l i f e p r esen t s  p r ob l ems i n  cont ro l  of  t he d i sease and makes 
e r ad i ca t i on v i r tua l l y  i mposs i b l e .  No human vacc i ne cu r rent l y  ex i s ts  
{ 5 ) , t hus p r even t i on of human l eptosp i r os i s  r e l i es on pub l i c  
awa r eness ; i mp rovement of  hygen i c  cond i t i ons i n  f a rmya rds , 
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s l aught erhouses , and l aborator i es ;  and avo i dance of r e c r ea t i ona l 
exposu r� in l i ves t ock-contam i nated wa t e r  ( 4 7 ). The mos t common 
met hod of  cont r o l i n  l ives tock and dogs i s  vacc i na t i on ( 1 0 , 1 05 ). 
I mp roved con t ro l  can be achieved when vacc i na t i on is  used in 
combina t i on wi th  st r ep t omyc i n  f or prophy l ac t i c  chemotherapy 
( 1 0 , 7 1 , 1 00 , 1 05 ) . Since cur r en t l y  avai l ab l e  vaccines a r e  se r ova r ­
spec i f i c ( 1 0 , 9 1 , 1 05 ) , t h e  best prot ec tion is a f f o rded wi t h  
mu l t i va l en t  vacc i nes con tain i ng the serova r s  t ha t  a r e  endemic i n  a 
given geog raph i c  area ( 1 0 , 9 1 , 1 05 ). Add i tiona l con t ro l  can be 
ach i eved by iso l ation of inf ec t ed anima l s , r oden t con t ro l , and 
adequat e  f enc i ng ,  especiat· l y  a round wat e r i ng a r eas ( 1 0 , 9 1 ). 
Presump t i ve l abo ratory  d i agnosis of l ep t osp i ros i s  i s  based on 
dark-fie l d  micr oscop i c  demonst rat i on of Lept ospi ra  in  b l ood , ur i ne ,  
o r  tissue sam� l es ( 6 , 1 07 , 1 09 ). They appea r as very  t h i n ,  rathe r  
. l ong , fine l y  coi l ed he l ices. S i nce t h e  concen t rat i on of  l ep t osp i res 
i n  t he samp l e  i s  usua l l y  l ow ,  the o rganisms a r e  of t en d i f ficu l t to  
det ec t  (6). A l t e rna tive l y ,  concent ra tion of  the o rgan i sms v i a  
cent rifuga t i on can resu l t i n  f a l se posi t i ves due t o  m i s i den t i f i cat i on 
of f i b ri l s  o r  o t he r  ce l l u l ar ext rusions as l ep t osp i r es (6 ) . Spec i a l  
stain i ng t echn i ques a l so are  of  l i mi t ed use. F l uorescent an t i body 
t echn i ques , enzyme- l i nked immunoso rben t assay { EL I SA )  { 4 ) , 
chem i l um i nescent i mmunoassay ( 1 1 1 ) ,  and the r ad i ome t r i c met hod { 76 )  
f o r  det ec t i on o f  l eptosp i res wh i l e successf u l l y  used by severa l 
r esea r che r s , a r e  not rout i ne l y  used i n  d i agnosis of l ep t osp i ros i s 
( 6 ) . 
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Def i n i t i ve d i agnos i s  requ i res e i the r  cu l ture  of  the organ i sm 
o r  se r o l og i c  i dent i f i ca t i on ( 6 , 1 07 , 1 08 ) . S i nce l ept osp i r as have a 
re l a t i ve l y  l ong gene ra t i on t i me ( 6- 1 6  hours )  ( 6 3 ) , cu l t u r es are  of ten 
not pos i t i ve f or 5-7  days and are  not cons i de r ed nega t i ve un t i l af ter  
6 weeks of  i ncubat i on ( 6 ) . The m i croscop i c agg l u t i na t i on test  (MAT ) 
uses l i ve ,  pat hogen i c  l ept osplres , i s  re l at i ve l y  s� r ovar -spec i f i c ,  
and r ema i ns the standa rd method of ser o l og i c  i den t i f i cat i on ( 6 , 26 ) . 
The MAT det ec t s  l gM as we l l as . lgG ,  mak i ng i t  use f u l  i n  d i agnos i s  of 
both  acu t e  and chr on i c  l ep t osp i ra l i nf ec t i ons ( 27 ) . Pe r f o rmance of 
th i s  t es t  r equ i res ma i n t enance of at l eas t 5 se r ova r s , a l l of  wh i ch 
a r e  pathogen i c , and i t s use i s  l i m i t ed p r i ma r i l y  t o  r e f e r ence 
l aborat o r i es ( 6 , 26 ) . 
I n  f e t a l i nf ect i ons caused by se rova r ha rdjo , ser o l og i c  
d i agnos i s i s  of t en m i s l ead i ng o r  i naccu ra t e ,  mak i ng cu l t u r e  of t he 
.o rgan i sm c r i t i ca l  f o r  def i n i t i ve d i agnos i s  ( 3 ) . A ma j or p r ob l em i n  
cu l t u r i ng l ep t osp i ras i s  con tam i na t i on w i t h  o t he r , f as t e r  g r ow i ng 
o rgan i sms , espec i a l l y  f rom nons ter i l e samp l es such as abo r t ed f eta l 
t i ssues ( 3 ) . Recent l y ,  Ad l e r and co l l eagues (3 ) deve l oped an 
an t i b i ot i c-con ta i n i ng l ep t osp i re med i um tha t  c i r cumven t s  th i s  
p r ob l em .  Th i s  sem i -so l i d  ant i b i ot i c med i um con t a i ns act i d i one , 
bac i t rac i n ,  5 - f l uoro-urac i l ,  neomyc i n  su l pha t e , po l ym i x i n  B and 
r i f amp i c i n ,  and i s  supe r i o r�t o  EMJH med i um �n r educ i ng contam i na t i on 
p r ob l ems ( 3 ) . Cu r r en t l y ,  ne i ther  ser o l og i c  t es t s  nor  i so l a t i on 
p r ocedu r es p r ov i de def i n i t i ve d i agnos i s  p r i or t o  the end pf the f i r st 
week of  t he d i sease ( 6 ) . D i agnos i s  of  l ep t osp i r os i s  i s ,  theref o r e ,  
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rare l y  of  c l i n i ca l  va l ue ;  s i nce doxycyc l i ne , pen i c i l l i n ,  
er t hy r omyc i n ,  o r  tet racyc l i ne therapy shou l d  beg i n  w i th i n  1 0  days of 
sympt om onset  to ef f ec t i v l y  reduce the dura t i on of  f ever , t he ex t ent  
of  hosp i ta l i za t i on ,  and the l i ke l i hood of  re l apse ( 1 8 , 28 , 47 ) . 
Management and t reatment of l ep t osp i r os i s  i s  i ndependen t of 
the i nf ec t i ng serova r  ( 6 ) . Theref ore , a genus-spec i f i c  t es t  f or 
l ep t osp i ros i s wou l d  be suf f i c i en t  f or the c l i n i c i an ,  and the se rova r -
spec i f i c na ture  o f  the m i croscop i c  agg l u t i na t i on t es t  i s  necessa ry 
on l y  f rom an ep i dem i o l og i ca l  standpo i n t . The m i c r oscop i c  
agg l ut i na t i on test presen ts a saf e ty haza rd f o r  l abo r a t o ry personne l ,  
because ma i n t enance of  l i ve ,  pathogen i c  l ep tosp i ras i s  r equ i r ed 
(6 , 45 , 1 09 , 1 1 4 ) . Abou t 70 cases of l ep tosp i ros i s  among l aboratory  
personne l have  been repo r ted ,  mak i ng i t  the  s i x th mos t common 
l abor a t ory-acqu i red bac ter i a l  i n f ec t i on {16 ) . The p r i ma ry source of 
t hese i nf ec t i ons i s  cu l tures of l ep tosp i ras , wh i l e  a f ew cases are 
due t o  b i tes of i nf ec t ed l abora tory an i ma l s ( 1 6 ) . Thus , a genus-
spec i f i c sero l og i c  t es t , us i ng nonpa thogen i c  l ep tosp i ra l an t i gens , 
wou l d  avo i d  the saf ety  hazard . 
Two genus-spec i f i c ant i gens that have been successf u l l y  used 
f o r  sero l og i c  test i ng i nc l ude the 5 0% e thano l so l ub l e-90%  e t hano l · 
i nso l ub l e  se rova r pa t oc ant i gen { Pat  E )  of  Bake r and Cox 
( 7 , 45 , 85 , 1 04 )  and the f o rma l i n- t rea ted , son i �a ted serovar pa toc 
ant i gen { Pa t  F )  of Myers & Co l tor t i  ( 4 5 , 80 ) . The Pa t E ant i gen has 
been used i n  a hemagg l u t i na t i on t est  us i ng sheep e ry th r ocyt es ( 7 , 85 ) , 
and i n  the EL I SA ( 4 5 ) . Pa t F i s  a prec i p i t a t i ng p r o te i n  ant i gen ( 80 )  
1-: -' . .  I L .... ..) u _ . .., '.�� ... 
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tha t  has been det ec t ed v i a  i mmunod i f f us i on and. i mmunoe l ect r opho res i s ,  
as we l l as t he EL I SA ( 45 , 80 ) . Fa i rbrother ( 4 6 )  has shown Pa t E and 
Pat F t o  be c l ose l y  r e l a t ed but not sero l og i ca l l y  i den t i ca l .  I n  
add i t i on ,  a bo i l ed serovar pat oc an t i gen of  N i co l escu and Andr eescu 
( 82 )  has been used f or the sero l og i c  d i agnos i s  of human l ep t osp i ros i s 
by the comp l ement f i xa t i on t est. Prepara t i on of  these ant i gens 
i nvo l ves some t ype of  ext ract i on or o ther p r epa r a t ory procedure. 
The presence of  a t  l eas t one an t i gen common t o  a l l 
l ep t osp i r es has been conc l us i ve l y  shown by Ad l e r and Fa i ne ( 1 )  us i ng 
monoc l ona l an t i bodies (Mab ) and enzyme i mmunoassay ( E I A ). Sakamot o  
and h i s  co l l eagues ( 96 )  have charact er i zed a par t i a l l y  pu r i f i ed 
l ep t osp i ra l genus-spec i f i c  prote i n  an t i gen. Th i s  an t i gen was 
obt a i ned by T r i t on X- 1 00 t rea tmen t of serova r s  k r emas t os and can i co l a  
f o l l owed by f ract i onat i on w i th  DEAE-ce l l u l ose co l umn chroma t ography 
and e t hano l p r ec i p i tat i on ( 96 ) . Chem i ca l  ana l ys i s  revea l ed that the 
ant i gen i s  comp r i sed of  prote i n ,  neu t ra l and am i no sugars , bu t no 
det e c t ab l e  l i p i ds ( 96 ) . The genus-spec i f i c i t y o f  t h i s  ant i gen may 
-
res i de i n  t he prot e i n  s i nce heat i ng t o  1 00°  C o r t rea tment w i t h . 
p r o t eases des t royed the genus-spec i f i c  ac t i v i ty ( 96 ) . Th i s  ant i gen 
has been used f o r  detect i on of an t i bod i es i n  human and an i ma l  sera by 
an i nd i r ec t  hemagg l ut i nat i on t est  ( 97 ) . 
S i nce amp l e  ev i dence suggest s  the p�esence of  genus-spec i f i c 
l ep t osp i ra l p r o t e i n  ant i gens , d i agnos i s  of  l ep t osp i ros i s  cou l d  be 
s i mp l i f i ed i f  t he genes cod i ng for l ep t osp i ra l  ant i gens we re 
expr essed i n  a rap i d l y  grow i ng ,  eas i l y  cu l t i va t ed bac t e r i um .  Th i s  
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wou l d  e l i m i na t e : 
l) the need f o r  prepara t i on of  t he r e l a t i ve l y  comp l ex 
med i um f or cu l t i va t i on of  t hese o rgan i sms ; 
2 )  the  t i me l ag due t o  t he l ong gener a t i on t i me of  
l ep t osp i ras , and ; 
3 )  the saf ety hazard t o  l aborat o ry pe r sonne l due t o  the 
need to ma i nt a i n  l i ve ,  pathogen i c  o rgan i sms f o r  the 
m i c roscop i c  agg l ut i na t i on t es t . 
The p r esence of l ep t osp i ra l an t i gens m i gh t  be d e t e c t ed by t he f i l t er-
b i nd i ng E I A  p rocedure tha t  was successf u l l y  used by  Eng l eberg e t  a l  
( 44 )  f or Leg i one l l a  pneumoph i l a  ant i gens expressed i n  Escher i ch i a  
co I i .  Stamm and assoc i a t es ( 1 0 1 ) used a s i m i l ar b i nd i ng procedu re 
to det ect  T r eponema pa l l i dum ant i gens i n  Escher i ch i a  co l i  K-12 . 
These i nvest i ga tors  ( 44 , 1 0 1 ) used mod i f i cat i ons of  t h e  p r ocedur es of 
Meyers ( 79 )  and Henn i ng (58 ) i nvo l v i ng i n  s i t u  ce l l l ys i s  desc r i bed 
by Raet z  ( 94 ) . ·  The procedure i nvo l ves trans f e r  of  transf o rmant 
co l on i es ( con t a i n i ng donor  DNA ) t o  n i t roce l l u l ose f i l t e rs  f o l l owed by 
chem i ca l  ce l l l ys i s and the det ect i on of an t i gens v i a  an enzyme 
i mmunoassay . The t rea t ed f i l t e r  i s  i ncuba t ed w i t h  serum con t a i n i ng 
� 
ant i bod i es tha t  a r e  spec i f i c f o r  donor ant i gens , f o l l owed by a second 
i ncuba t i on w i t h an enzyme- l abe l ed ant i body d i r ec t ed aga i ns t  the f i r st 
ant i body (5 7 ) . A subst rate  i s  added nex t wh i ch w i l l  det ect  the 
p resence of  bound enzyme ( and , theref o r e , l ep t osp i ra l  an t i gens ) by 
the f orma t i on of an i nso l ub l e co l o r ed p rodu� t on t he n i t roce l l u l ose 
f i l t e r . Lysed co l on i es that  are  pos i t i ve can then be r escr eened 
w i t hout chem i ca l  l ys i s to detect exp ress i on of donor  an t i gens on the 
sur f ace o f £ .  co l i ce l l s .  An i mpo r tan t  advan t age of  us i ng 
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n i t roce l l u l ose i n  t h i s  procedure i s  i t s exce l l en t  p r o t e i n-b i nd i ng 
p r ope r t i
_
es ; t h i s  a l l ows det ect i on of 1 ng of  pu r i f i ed i mmunog l obu l i n  
us i ng a d i rect  met hod , o r  1 0  ng us i ng an i nd i rect met hod ( 1 4 ) . 
A s i m i l ar procedure that  i s  common l y  ca l l ed n i t r oce l l u l ose-
EL I SA (NC-EL I SA ) , dot  i mmunob l o t t i ng ,  o r  do t enzyme- l i nked 
i mmunosorben t assay (Do t -EL I SA )  has been used by numer ous 
i nvest i ga t o r s  i n  d i agnos i s  of l e i schman i as i s  (87-89 ) , l ep t osp i ros i s  
( 86 , 1 1 2 ) , t oxop l asmos i s  { 90 ) , de tect i on o f  adenov i r us and rotav i rus 
(5 1 ) ,  and enzyme assays ( 99 ) . Add i t i ona l advan t ages of  us i ng 
n i t roce l l u l ose f i l ters  are  ( i )  the s i mp l i f i ca t i on of  t he wash i ng 
s t eps , and ( i i )  i t s spec i f · i c i ty wh i ch i s  comparab l e  t o  the 
conven t i ona l EL I SA us i ng po l ystyrene as t he a t t achmen t mat e r i a l  
( 1 4 , 5 1 ) . 
The powe r f u l  prote i n  b i nd i ng capac i ty of  n i t r oce l l u l ose i s  
a l so exp l o i t ed i n  Wes tern b l ot t i ng ,  a p r ocedu r e  deve l oped by Towb i n  
e t  a l  ( 1 0 6 ) . Wes tern  b l ot t i ng i nvo l ves t he e l ec t r ophoret i c  t ransf er 
of  p r o t e i ns f rom po l yacry l am i de ge l s  to n i t roce l l u l ose pape r , 
-
a l l ow i ng r ad i og raph i c  ( 1 9 , 1 06 )  or  i mmuno l og i c  d e t ect i on ( 3 0 ) and 
char act e r i za t i on of  d i screte  prote i n  bands . Mo l ecu l a r we i gh t  
det e rm i na t i ons of  t hese bands can b e  ca l cu l a t ed us i ng t h e  p rocedure 
of Nev i l l e (8 1 ) . Add i t i ona l i nf ormat i on abou t t he p r esence of 
carbohyd ra t es a t tached to the prote i ns can be ob t a i ned by Sch i f f  
s ta i n i ng o f  po l yac ry l am i de ge l s  (4 9 ) . 
The ava i l ab i l i ty of  two gene l i b rar i es ( cou r t esy of  Ny l es 
Cha r on ,  Dav i d  Ye l t on , and R i cha rd Zuene r ,  Wes t V i rg i n i a  Un i vers i t y ,  
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Mo rgant own , WV) con ta i n i ng Leptospi ra  b i f l exa se r ova r pa t oc DNA 
a l l owed _ i nvest i ga t i on of the express i on of l ep t osp i ra l an t i gens by 
Escher i ch i a  co l i  JA 2 2 1 . The f i l te r  b i nd i ng-E I A  can be u t i l i zed to  
scr een these gene l i brar i es f or l ep t osp i ra l  an t i gens expr essed by 
Escher i ch i a  co l i .  West e rn b l ot t i ng can t hen be emp l oyed t o  
charac t e r i ze t hese ant i gens . 
Thr ee quest i ons were posed : 
( i )  wou l d  an t i gens of Lept osp i ra  b i f l exa ser ovar pa t oc be 
expressed i n  Escher i ch i a  co l i JA2 21 ,  
( i i )  cou l d  genus- , spec i es- , and/or  ser ova r-spec i f i c 
ant i gens expressed i n� co l i be used i n  the se ro l og i c  
d i agnos i s  of lept osp i ros i s ,  and 
( i i i ) wha t i s  the na ture  of the l ep t osp i ra l  an t i gens 
expressed by � .  co l i ?  
The ques t i ons above f ormed the f ounda t i on f or the r esea r ch r epo r t ed 
i n  t h i s thes i s� 
17 
IIATERIALS AND METHODS 
Organisms 
Lept osp i ra b i f l exa ser ovar pat oc and Esche r i ch i a  co l i JA22 1  
wer e  obt a i ned f r om Ny l es Charon (West V i rg i n i a  Un i ve r s i ty )  f o r use as  
posi t i ve and nega t i ve con t r o l s , r espect i ve l y .  Two recomb i nan t 
. genom i c  l ib ra r i es of Lept ospi ra b i f l exa se r ova r pat oc wer e  ob ta i ned 
f rom David Ye l t on , R i cha rd Zuerner , and Ny l es Char on , West V i rg i n i a  
Unive rs i ty .  One l i brary was p roduced us i ng t he res t r i c t i on 
endonuc l ease Bam H I  ( 1 1 8 ) , wh i l e the other  was a H i nd I I I  l i b rary 
( Ny l es Cha r on ,  persona l commun i cat i on ) . The don o r  DNA was i nser t ed 
int o  t he t e t racyc l i ne gene of the p l asm i d  p8R322  ( whe r e  s i ng l e  
r es t ric t i on endonuc l ease s i t es f o r  Bam H I  and Hind I I I  a r e  l oca t ed )  
( 77 )  and Escher i ch i a  co l i JA2 2 1  was t ransformed ( 1 1 8 ) . A l l ce l l s  
cont ain i ng r ecomb i nant DNA shou l d  be amp i c i l l i n- r es i s tan t ( t he 
amp i c i l l i n gene of pBRr322  rema i ns i n tact ) and t e t racyc l i ne-sens i t i ve 
due t o  i nse r t i ona l i nact i va t i on of the tet racyc l i ne gene . 
Growth Medium, Conditions, and Preservation 
Lept osp i ra b i f l exa serovar pat oc was ma i n t a i ned on sem i -sa l i d  
( 0 . 3 5% aga r , w/ v )  PLMS med i um ( Armou r Biochem i ca l , Ter ry t own , NY). 
Se rova r pa t oc was ma i n ta i ned by t ransf er r i ng. 1 m l  of i nocu l um t o  1 0  
m l  s t e r i l e  sem i -so l i d  med i um eve ry 2-4 mon t hs . As necessa ry , a 1 m·l 
i nocu l um f r om t he sem i -so l i d  med i um was added t o  1 000 m l  l i qu i d  PLMS 
i n  a Co rn i ng 490  cm2 tissue cu l ture  r o l l er f l ask ( Co r n i ng G l ass 
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Wo rks , Corning , NY) and i ncubat ed a t  3 0° C f o r  5 - 7  days w i th  rotat i on 
{c . a .  1 00 RPM ) f or use as a pos i tive con t r o l . The pa r en t  ce l l s  p l us 
the Bam H l  and t he H i nd I I I  gene l i b rar i es we r e  p r ese r ved i n  the 
f o l l owing manner :  g .  co l i JA22 1 and the two gene l i b r a r i es we re 
cu l t i va t ed ove rn i gh t  i n  20  ml  Luria-Bur t an i ( LB )  and LB p l us 3 5 - 5 0  ug 
amp i c i l l i n/m l ( LB -amp ) broth , r espective l y ,  as descr i bed by Man t i at i s  
e t  a l (77 ) · .  A s t ock so l ut i on of  the sod i um sa l t  of  amp i ci 1 1  i n  ( 25 
mg/m l ) ( Sigma . Chem i ca l  Co . St . Lou i s , MO ) was p r epa r ed i n  wa ter  ( 77), 
f i l te r  s t er i l i zed , a l i quoted ,  and f rozen at  -20°C f o r  f u ture  use . 
The ce l l s  we r e  harvested by cen t r i f uga t i on a t  1 6 , 000  X g f o r  1 0  m i n  
using a Sor va l l RC-58 Ref rigerated Superspeed cen t r i f uge . The pe l l et 
was r esuspended i n  5 m l  LB or  LB-amp con t a i n i ng 1 5% g l ycero l , as 
app r op r i at e . A l i quot s  ( 0 . 5 m l ) wer e  p l aced i n  s t e ri l e  g l ass ampu l es ,  
sea l ed and f rozen a t  -70° C .  A l l pos i t i ve c l ones ( co l on i es f rom the 
gene l i b r a r i es exp ress i ng l ep t ospira l an t i gens as de t ec t ed by FB-E I A )  
wer e  p r eser ved i n  a sim i l ar manner us i ng LB -amp cu l t u r e  med i um and 
s t er i l e  mic r ocen t r i f uge tubes as con ta i ners . As necessary , g .  co l i  
-
JA22 1  o r  t he pos i t i ve c l ones we re removed f r om the  f r eezer , and 
cu l t i va t ed on t he appr opr i at e  broth  or agar med i um f or expe r i men ta l 
use . 
Antigen Preparation 
Who l e  ce l l  an t i gens wer e  pr epa r ed by cu l t i va t i ng h ·  b i f l exa 
se r ova r pat oc i n  500  m l  PLM5 med i um ,  and g .  co l i JA2 2 1  o r  the 
pos i tive c l ones i n  200 m l  of t he appr op ria t e  med i um .  Ce l l s  wer e  
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ha rves t ed by cent r i f uga t i on at  1 3 , 000 X g f o r 1 5  m i n ,  and washed i n  
phosphat�-bu f f er ed sa l i ne ( PBS) ( 0 . 1 5  M KH2P04 , 0 . 9% NaC l , pH 7 . 2 ) .  
The pe l l e t s  we r e  resuspended i n  PBS ( 1 /SO th of  t he o r i g i na l  vo l ume 
f o r  se r ova r pa t oc ,  and 1 /20th  of t he o r i g i na l  vo l ume f o r E .  co l i 
JA2 2 1  and t he pos i t i ve c l ones ) , and f rozen a t  -70° C .  
Ce l l s  f or son i ca t i on were cu l t i va t ed i n  sao· m l  of t he 
app r op r i ate med i um ,  ha rvest ed , washed , and r esuspended i n  20  m l  PBS . 
Samp l es wer e  t hen son i cated i n  an i ce-wa t e r  ba t h  us i ng the l a rge 
p r obe of a B ranson Son i c  Power Son i f i er ( B ranson I ns t r ument s , I nc . , 
Danbur y , CT ) .  Two 20-30 sec bu rsts  of h i gh f requency sound waves 
( 4 . 5  rnA) w i th  1 m i n  coo l i ng i n  be tween wer e  used t o  rup t u r e  the 
ce l l s .  Unb r oken ce l l s  we re  removed by cen t r i f uga t i on a t  1 0 , 000 X g 
f or 1 0  m i n a t  r oom t emperature . The superna t an t  ( son i ca t e )  was 
s t o r ed e i ther  a t  4° C or -70° C .  A l t e rnat i ve l y ,  the membrane 
f ract i on of  the son i ca t e  was ob ta i ned by cen t r i f uga t i on at 3 0 , 000  X g 
f o r  20  m i n ,  resuspend i ng t he pe l l e t i n  0 . 1 5  M NaC l , and s t o r i ng at  4° 
C f or use i n  wes t e r n  b l ot t i ng .  
Protein Determination 
Pro t e i n  concen t rat i ons were de t e rm i ned by t he B radf ord method 
( 1 7 ) , as ma rke t ed by B i o-Rad , R i chmond CA , and ou t l i ned i n  the B i o­
Rad Pro t e i n  Assay I nst ruct i on Manua l ( 1 2 ) . � i t he r  l yoph i l i zed bov i ne 
p l asma gammag l obu l i n  ( B i o-Rad Labo rat o r i es ,  R i chmond , CA ) , or  
a l bum i n-g l obu l i n  p r ot e i n  ( S i gma ) was used as the standard . 
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Preparation of Antiserum 
Fou r New Zea l and Wh i te rabb i t s  we r e  i njec t ed w i t h  who l e  
Lept osp i ra b i f'lexa serovar pa toc ce l l s  tha t  had been f rozen a t  -70° C 
i n  phospha t e -buf f e red sa l i ne ( PBS) ( 0 . 1 5  M KH2P04 , 0 . 9% NaC l , pH 
7 . 2 ) .  The i mmunogen ( 2  mg prot e i n/m l ) was m i xed w i th  an equa l vo l ume 
of Fr eund ' s  comp l et e  ad j uvan t ( D i f co ,  Det ro i t ,  M l ) un t i l an emu l s i on 
was f ormed·. On Day 0 f i ve s i t es pe r rabb i t we r e  i n j ec t ed ( 0 .  2 m l  pe r 
s i t e ) : i n t ramuscu l a r l y  i n  the nape.of the neck and both  h i ps ,  and 
subcut aneous l y  i n  the ax i l l a ry reg i ons . On Days 13 ,  2 7 , 4 1 , and 54 , 
each rabb i t was i n j ec t ed i n  the ear ve i n  w i th  1 mg p r o t e i n .  Rabb i t s  
wer e  t e rm i na l l y  b l ed by card i ac puncture o n  Day 6 0 . The b l ood was 
a l l owed to c l o t f o r  seve ra l hours and t hen cen t r i f uged at 5 0 0  X g i n  
a Sor va l l RT 6000  Ref r i ge rated cen t r i f uge t o  sepa r a t e  ce l l s  f r om the 
serum .  F i ve m l · a l i quot s  of the serum we re f r ozen and s t o r ed at  
�20°C . 
Absorption of E. coli JA221 Antibodies 
The i mmune serum was ext ens i ve l y  abso rbed t o  r emove ant i �E .  
co l i  JA22 1 an t i bod i es .  Fo r th i s  purpose , g. co l i JA221 was grown to 
s t a t i onary  phase , as de t erm i ned by pr e l i m i na r y  g r owth  cu r ves , i n  250 
m l  f l asks con ta i n i ng 1 75 m l  LB broth  w i t h  r o t a t i on ( c . a .  200 RPM ) a t  
3 5° C .  The ce l l s  were  ha rvested and washed tw i ce i n  5 0-75  m l  PBS . 
Ce l l  pe l l e t s  were p l aced i n  s t e r i l e  m i crocen t r i f uge tubes ( 1 . 5  m l ) ,  
m i xed w i t h  0 . 5 -0 . 7  m l  serum ,  ro tated gen t l y  a t  4 °  C f o r  1 h r , 
cen t r i f uged at  1 7 , 600  X g for  5 m i n  i n  a Sor va l l RC-58 Ref r i gera t ed 
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Supe r speed cen t r i f uge us i ng the HSMT r o t o r  t o  recover t he serum , and 
the serum was t rans f e r r ed to a f resh ce l l pe l l e t .  These s t eps were 
repeat ed 3 t i mes . The absorbed serum was poo l ed ,  hea t i nact i va t ed a t  
56° C f or 3 0  m i n ,  and stored a t  -20° C i n  1 m l  a l i quo t s .  
EL ISA 
Th� t i t e r  of the rabb i t ant i serum was det e rm i ned us i ng a 
who l e  ce l l an t i gen of Lept ospi ra b i f l exa serova r pa t oc . The 
concen t r a t ed ant i gen was d i l u t ed to y i e l d  20 ug p r ot e i n/m l i n  a 1 5  mM 
carbona t e- 3 5  mM b i ca rbonat e  buf f e r  ( pH 9 . 6 ) w i t hou t sod i um az i de 
( coat i ng buf f er )  ( 1 1 0 ) . N i 'nety-s i x  we l l  m i c r o t i t e r  p l a t es ( Oyna t ech 
Labora t o r i es ,  A l exandr i a ,  VA ) were  coat ed w i th  0 . 1 m l  of the d i l u ted 
an t i gen , and d r i ed ove rn i gh t  a t  42° C .  Con t r o l we l l s  we r e  coat ed w i th  
coa t i ng buf f e r  on l y .  Coat ed p l a t es wer e  washed t h r ee t i mes w i th 
gent l e  ag i ta t i on us i ng PBS conta i n i ng 0 . 5% Tween 2 0  ( wo rk i ng buf f e r ) . 
Two- f o l d  ser i a l d i l u t i ons of a 1 : 200 d i l ut i on of  the an t i se rum we re 
prepa r ed i n  work i ng buf f e r; 0 . 1 m l  was app l i ed to  the  appropr i a te  
we l l s and the p l a t e  was i ncubated at  room t empe r a t u r e  for  2 hr  . . 
P l a t es wer e  aga i n  washed as above , f o l l owed by add i t i on of 0 . 1 m l  of 
a 1 : 1 5 00  d i l u t i on of perox i dase-conj uga t ed goa t  an t i - rabb i t 
i mmunog l obu l i n  ( l gG ,  l gM ,  and l gA heavy and l i gh t  cha i ns )  
( Coope rB i omed i ca l , Ma l vern , PA ) .  Af t e r  another  2 h r  i ncuba t i on at  
r oom t empe r a t u r e , ' the wash s t ep was repea t ed , w i t h  a f i na l  wash i n  
0 . 1 M c i t ra t e-phospha te subs t rate  buf f e r , pH 5 . 0  ( 5 0 ) . One tenth  of 
a ml of  o r tho-pheny l ened i am i ne ( OPD ) ( 34 mg OPD/ 1 00 m l  c i t rate-
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phosphat e  buf f e r  p l us 40  u l  30% Hz02 ) ( 1 1 0 )  was added t o  a l l we l l s  
and t he R l at e  was i ncuba ted i n  the dark f o r  3 0  m i n  a t  r oom 
t empe ra t u r e . The subs t rat e  reagent was s t o red a t  4 °  C i n  a dark 
bot t l e  and d i sca rded when a co l or change was obser ved . The opt i ca l  
· dens i ty a t  490  nm (OD490> was read on a M i croe l i sa M i n i reade r MR590  
( Dynat ech Labo rat or i es ,  A l exandr i a ,  VA ) EL I SA reade r . The i nst rument 
was b l anked on c i t ra t e-phospha te  buf f er and t he ave r age OD490  va l ue 
of t he con t ro l  we l l s was subt rac t ed f rom a l l r esu l t s . We l l s w i th  a 
cor r ec t ed absor bance grea t e r  than 0 . 5  OD4 9 0  we r e  cons i de r ed pos i t i ve .  
Af t e r  det e rm i n i ng th� app rox i ma t e  t i t e r  of t he an t i se rum ,  t he ac tua l 
t i t e r  range was es tab l i shed · us i ng 1 : 3 000 , 1 : 40 0 0 , 1 : 5 0 0 0 , 1 : 6000 , 
1 : 70 0 0 , and 1 : 8000  d i l u t i ons of an t i se rum . 
Eva l ua t i on of abso rpt i on ef f ect i veness was accomp l i shed by 
coa t i ng an EL I SA p l a t e  w i th  g .  co l i JA22 1 ·who l e  ce l l s  ( 20 ug 
pro t e i n/m l ) .  The EL I SA was pe r f ormed as above us i ng 1 : 1 0 ,  1 : 1 00 ,  
1 : 5 0 0 , 1 : 1 00 0 , 1 : 2000 , and 1 : 4000 an t i se rum d i l u t i ons . 
Pos i t i ve c l ones were eva l ua t ed by coa t i ng EL I SA p l a t es w i th 
who l e  o r  son i ca t ed ce l l s  ( 20 ug prote i n/m l ) and us i ng 1 : 1 00 ,  1 : 5 00 , 
and 1 : 1 0 00 an t i serum d i l u t i ons . 
FB-EIA 
Co l on i es f rom the gene l i brar i es t ha t  exp r ess l ep t osp i ra l  
ant i gens we r e  detec ted v i a  a f i l t e r -b i nd i ng enzyme i mmunoassay ( FB- · 
E I A ) i n  wh i ch t he f i l t er  b l ot s  ( FB )  we r e  produced by p r epa r i ng 
spread p l a t es of amp i c i l l i n- r es i stant t ransf o rman t s  on LB -amp aga r 
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and i ncubat i ng t hem overn i ght  � t  35°  C .  I so l a t ed co l on i es wer e  then 
spo t t ed �n dup l icat e  ont o  LB-amp agar p l a t es e i ther  w i th  s t e r i l e  
t oo t hp i cks o r  wi t h  d i sposab l e  co l ony t rans f e r  pads ( FMC Corp . , 
Rock l and , ME ) , and i ncubat ed overn i ght at  3 5 °  C .  Co l on i es wer e  then 
b l ot t ed ont o  r ound (85  mm d i amet e r ) ,  dry  n i t roce l l u l ose ( NC )  f i l t e r s  
( 0 . 45 urn ) ( M i l l ipor e  Corp . , Bedf ord , MA). On two sepa r a t e  NC 
f i l te r s , 1.;.2  u l  of serovar pat oc o r- g .  co l i JA22 1 who l e  ce l l 
suspens i ons wer e  spo t t ed .  Co l on i es wer e  l ysed i n  s i t u by t he me thod 
of Meyers  e t  a l  ( 79 ). Br i ef l y ,  NC f i l te r s  we r e  sequen t i a l l y  p l aced , 
co l ony s i de up f o r  one m i n  each , i n  f ou r  l arge pet r i  d i shes 
con t a i n i ng 3MM Wha tman chr oma t ography paper { Wha tman L td . , Ma i dst one , 
Eng l and ) t ha t  was saturated w i th  { i )  0 . 1 N NaOH , ( i i )  1 . 5 M Tr i s-
hyd r och l o r i de { pH 7.4 ) , ( i i i )  300  mM NaCI-30  mM sod i um c i t ra t e , and 
{iv ) 7 0 %  e t hanol . The f i l t ers  were  then vacuum d r i ed a t  5 6° C f o r 2 
hr . 
g .  co l i co l on i es express i ng l ep t osp i ra l ant i gens we re  
det ect ed by an enzyme i mmunoassay ( E I A ) . To  p reven t  nonspec i f i c 
-
bind i ng of  p r o t e i ns t o  t he n i t roce l l u l ose , d r i ed f i l t e r s  we re  p l aced 
i n  t r i s-buffe r ed sa l i ne ( TBS) ( 5 0 mM Tr i s-hyd roch l o r i de ,  1 5 0 mM NaCL , 
pH 7.4 ) con ta i n i ng 3%  ge l a t i n ( 44 )  to  b l ock ex t raneous b i nd i ng 
s i t es . Af t e r  r o t a t i on a t  room tempera ture  f or 2 h r , the NC f i l t ers  
wer e  t rans f e r r ed t o  16  m l  of a 1:800 d i l u t i on of  r abb i t an t i -pa t oc 
serum i n  TBS p l us 1 . 5 % ge l at i n and i ncuba t ed ove rn i gh t  a t  room 
t empe r a tu r e . The NC f i l t ers  were then r i nsed w i t h  d i s t i l l ed wa t e r, 
f o l l owed by 4 washes i n  20 m l  TBS w i th gen t l e  r o t a t i on f o r  1 5  m i n  a t  
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r oom t emperatu r e . Washed NC f i l t ers  we re i ncuba t ed f or 2 h r  a t  30° C 
i n  a 1 : 3�0 0  d i l ut i on of the same per ox i dase- l abe l ed goat an t i -rabb i t 
conjugat e  used i n  the EL I SA. The wash i ng s t ep , desc r i bed above , was 
r epea t ed ,  and t he NC f i l ters  were  i mmersed i n  0.0 5% 4-ch l o ro- 1 -
. napht ho l  w i th 0.0 1 5% H202 f or 1 0- 1 5  m i n a t  room t empe r a t u r e. The 
obser va t i on of an i nso l ub l e  purp l e  product a r ound a · co l ony i nd i cat ed 
. the p resence of l ep t osp i ra l  an t i gens. Any pos i t i ve co l on i es wer e  
r e t r i eved f r om t he dup l i ca t e  LB-amp p l a t e  and r esc r eened w i thou t 
chem i ca l  l ys i s .  Pos i t i ve c l ones we re  cu l t ur ed on t e t racyc l i ne­
con ta i n i ng LB aga r ( 1 2.5 - 1 5.0 ug/m l ) ( 77 )  t o  t es t  f or t e t racyc l i ne 
sens i t i v i ty .  A s t ock tet racyc l i ne so l ut i on ( 1 2.5 mg/m l ) was p r epa red 
us i ng t e t racyc l i ne hyd roch l o r i de i n  et hano l /wa t e r  ( 5 0% v/ v )  ( 77 ) , 
f i l t e r  s t e r i l i zed , a l i quot ed , and f rozen a t  - 7 0° C. 
Plasmid Isolation 
Co l on i es t ha t  wer e  pos i t i ve both  i n  l ysed and un l ysed FB-E I A  
t es t s  we re se l ec t ed f o r  p l asm i d  i so l a t i on us i ng t h e  p r o t oco l o f  D .  
I sh-Ho r ow i cz ( 77 )  f or the a l ka l i ne l ys i s  me t hod of  B i rnbo i n  and Do l y  
( 1 3 ). I n  t h i s  l abora t o ry , the p r o t oco l was mod i f i ed as f o l l ows : ( i )  
20  mg l ysozyme· was added t o  a 2 rn l  so l ut i on of  5 0  mM g l ucose , 1 0  mM 
EDTA , 25  mM T r i s-ch l or i de ( pH 8.0 )  t o  f ac i l i t a t e  d i gest i on of the 
ce l l wa l l ;  ( i i )  t he p l asm i d  DNA was p r ec i p i t a � ed us i ng 95% ethano l at 
-20° C f or 2 h r ; and ( i i i )  RNase was not used i n  t he 1 0  mM T r i s­
ch l o r i de ,  1 mM EDTA ( pH 8.0 ) buf f e r  ( TE )  ( 77 )  t o  d i ges t t he RNA. 
P l asm i d  DNA i n  TE buf f e r  was stored a t  4°  C f o r  f u t u r e  use. 
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Agarose Gel Electrophoresis 
P l asm i ds i so l a t ed f rom the pos i t i ve c l ones we r e  ana l yzed by 
agar ose ge l e l ec t rophores i s  t o  de term i ne the i r r e l a t i ve s i ze i n  
compa r i son t o  pBR3 22 . E l ect r ophor es i s  equ i pmen t cons i st ed of  a 
· hor i zonta l bed by Aquebogue Mach i ne Shop , Aquebogue , NY, and a 
Buch l e r I ns t r ument s  Vo l t age and Cur rent  Regu l at ed D . C .  Powe r Supp l y .  
A 1% agar ose ge l was prepared us i ng lOX TPE ( 0 . 08 M T r i s-phosphat e ,  
0 . 002  M EDTA ; pH 8 . 0 ) ( 77 ). The ext ract ed p l asm i d. DNA samp l es ( 3 0 u l ) 
we re  added t o  3 u l  of  lOX samp l e  buf f e r  [0 . 02%  ( w/ v ) O r ange C ( F l uka 
AG , Sw i t ze r l and ) , O . n2% (w/ v )  xy l ene cyano l ( S i gma ) , 0 . 02% ( w/v ) 
b r omepheno l b l ue ,  and O . lmM . EDTA i n  a 5 0% suc r ose so l ut i on] , and 20 
u l  of  each samp l e  preparat i on was added t o  t he app rop r i a t e  l ane on 
the ge l . Uncu t pBR322 ( S i gma ) and unt ransf o rmed g .  co l i JA2 2 1  wer e  
r un a s  con t ro l s� E l ect rophor es i s  was ca r r· i ed ou t at  r oom t empe rature  
f or 1 3  h r  us i ng 70 vo l t s of  cur ren t . Et h i d i um b r om i de ( 1  ug/m l ) was 
added t o  t he e l ec t rophor es i s  buf f e r  ( TPE ) app r ox i ma t e l y  5 m i n af t e r  
e l ect r ophor es i s  was begun . The comp l eted ge l was washed i n  d i s t i l l ed 
wat e r  t o  r emove any unbound e th i d i um brom i de ,  exam i ned under  UV l · i ght  
( 3 66  nm ) , and  pho t ographed w i th a Po l ar o i d  came r a . 
Polyacrylamide Gel E l ect rophoresis 
Pro t e i ns we re  sepa rated by sod i um d od�cy l su l f a t e­
po l yacry l am i de ge l e l ect ropho res i s  (SDS-PAGE ) us i ng the  d i scont i nuou·s 
buf f e r  sys t em of  Laemm l i ( 73 )  on a 1 60 X 1 4 0  X 0 . 75 mm ver t i ca l  s l ab 
ge l . The compos i t i on of the runn i ng ge l was 7 . 5 % ( w/ v )  acry l am i de 
26 
{ B i o-Rad ) ,  0 . 1 9% {w/ v )  N ,  N ,  m� thy l eneb i sacry l am i de ( b i s )  ( B i o-Rad ) ,  
372  mM T� i s  { pH 8 . 7 ) , 0 . 1% SDS� 0 . 03% ammon i um p e r su l f a t e  ( APS) 
{ S i gma ) , and 0�0 0083% N , N , N ' , N'- tet rame thy l et hy l ened i am i ne ( TEMED ) 
{ B i o-Rad ) . The s tack i ng ge l was 5% {w/ v )  ac ry l am i de ,  0 . 1 4% b i s ,  1 24 
. mM T r i s  { pH 6 . 8 ) , 0 . 1% SDS , 0 . 05% APS , and 0 . 0025%  TEMED . Twent y-f i ve 
u l  o f  a 1 : 2  d i l ut i on of the samp l e  i n  2X samp l e  buf f e r  cons i st i ng of 
8% SDS { w/v ) , 4 0% g l yce r o l  ( v/ v ) , 20% 2-me r capt oe t hano l { B i o-Rad ) , 
p l us approx i ma t e l y  2 mg bromepheno l b l ue as t he t rack i ng dye ; th i s  
was hea t ed t o  80°C f o r  3 m i nu t es . These samp l e  p r epa ra t i ons we re  
f rozen a t  - 20°C and r eused 3-4  t i mes w i t h  repet i t i on o f  the  hea t i ng 
s t ep p r i or t o  each use . Four SDS mo l ecu l a r we i gh t  ma rkers  { S i gma ) 
[beta ga l ac t os i dase { 1 1 6K ) ; bov i ne a l bum i n  ( 66K ) ; egg a l bum i n  ( 4 5K) ; 
and , carbon i c  anhydr ase ( 29K ) ] we re  recons t i t u t ed acco rd i ng the 
product i nse r t  and i nc l uded i n  each ge l .  �he r unn i ng buf f e r 
cons i st ed o f  0 . 25 mM T r i s-base , 1 92 mM g l yc i ne ,  and 1 %  SDS ( pH 8. 3 ) . 
An SE6 0 0  ve r t i ca l  s l ab ge l un i t  ( Hoef e r  Sc i en t i f i c  I ns t rumen t s , San 
F ranc i sco , CA ) w i th  a PS1 200 DC power supp l y  prov i d i ng a const ant 
cu r r en t  of 3 5  rnA/ge l a l l owed separat i on of p r o t e i ns i n t o  d i sc r e t e  
bands . Fo l l ow i ng e l ect ropho res i s ,  t he ge l was s t a i ned f o r  4- 1 2  h r  a t  
r oom t empe ra ture  w i th  rotat i on ( c . a .  40  RPM ). The st a i n i ng so l u t i on 
was 0 . 1 1 % Coumass i e  B r i l l i ant  B l ue G ( S i gma ) i n  a m i x t u r e  of 4 5 0  m l  
wa t e r : 45 0  m l  met hano l : lOO m l  acet i c  ac i d .  Ge l s  wer e  desta i ned f o r  3 -
4 h r  w i t h  a so l u t i on of 5 %  met hano l and 1 0% ace t i c  ac i d .  A pe rmaneri t 
r ecord of  t he ge l was obta i ned by d ry i ng t he ge l on t o  3 MM Wha tman 
ch roma t ography paper us i ng a Mode l SE5 40  ge l d ryer  ( Hoef f e r ) . 
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Nondena tured po l yacry l am i de ge l s  we r e  run as above , w i th the 
e l i m i na t i
_
on of  SDS and beta-mercapt oet hano l f r om t he samp l e  buf f e r , 
r unn i ng buf f er� and ge l s .  Samp l e  preparat i ons wer e  hea t ed f o r 1 m i n  
a t · 60°  C ,  t hen s t o red and reused as above . F i ve nondenatured 
mo l ecu l ar we i gh t  ma rker s  (S i gma ) [bov i ne a l bum i n  ( d i me r - 1 3 2K ,  
monomer-66K ) ;  egg a l bum i n  ( 45K ) ; ca rbon i c  anhyd rase 
.
( 2 9K ) ; and , 
a l pha- l acta l bum i n  ( 1 4 . 2K ) ] were  reconst i tu t ed acco rd i ng t he produc t 
ge l and i nc l uded i n  each ge l . 
Western or Immuno-Blot ting 
Uns t a i ned ge l s  prepa red as above , w i t h  samp l es added i n  
dup l i ca t e  t o  p r oduce 2 i den t i ca l  "m i n i ge l s" ,  we r e  b l o t t ed ont o  
n i t r oce l l u l ose ( NC )  paper ( . 4 5 urn Sch l e i scher & Schue l l  I nc ,  Keene , 
NH) us i ng t he p rocedure of  Towb i n  et  a l  (l06 ) as mod i f i ed by Burne t t e  
( 1 9 ) . B l ot t i ng was ca r r i ed ou t i n  0 . 20 mM T r i s ,  0 . 1 5 M g l yc i ne buf f e r 
i n  20% me t hano l f or 3 -4 h r  at  1 25 rnA us i ng a Hea t h  Regu l a t ed HV powe r 
supp l y .  Subsequen t l y ,  ha l f  of the NC pape r was s t a i ned w i t h  0. 1 %  
an i l i ne b l ue ( A l l i ed Chem i ca l  Corp . ) i n  a so l u t i on o f  4 5 %  me thano l 
and 1 0% ace t i c  ac i d  f o l l owed by des ta i n i ng w i t h  a 2% ace t i c  ac i d  
so l ut i on i n  90% methano l ,  the other  ha l f  was i mmunob l o t t ed us i ng 
r abb i t po l yc l ona l an t i serum .  NC pape r f or i mmunob l o t t i ng was 
i ncuba t ed a t  room t empe rature  f o r  1 -2 h rs i n  PBS con ta i n i ng 0 . 5% 
Tween 20  t o  p r even t nonspec i f i c b i nd i ng of  p r o t e i ns .  The NC pape r was 
then i ncubat ed overn i gh t  at 4° C i n  an t i - l ept osp i ra l  ant i se rum 
d i l ut ed 1 /5 0  i n  PBS w i th  0 . 5 % Tween 20 . The b l o t s  we r e  washed f our  
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t i mes f or 5 m i n each i n  PBS , f o l l owed by a 1-2 h r  i ncuba t i on i n  a 
1 : 4 0 0  d i l u t i on of  perox i dase- l abe l ed goat an t i - rabb i t i mmunog l ob i n .  
The wash s t ep was repeat ed as above , and 4-ch l o r o- 1 -naph t ho l ( as t n  
FB-E I A )  was the subst rate  used t o  det ect  l ep t osp i ra l  an t i gens . 
SDS mo l ecu l ar we i ght  markers  on t h e  NC pape r s t a i ned w i th  
an i l i ne b l ue we r e  used to  cons t ruct a ca l i br a t i on cu r ve . On sem i - l og 
pape r , mo l ecu l a r we i gh t was p l ot t ed on t he y-ax i s  and r e l a t i ve 
mob i l i t y ( d i s t ance of p r ot e i n  m i grat i on/d i s t ance of  t rack i ng dye 
m i grat i on )  ( 98 )  was p l ot t ed on the x-ax i s .  Mo l ecu l a r we i ghts  of 
p r ot e i ns on the i mmunob l o t s  we re  det e rm i ned by measu r i ng the d i s t ance 
between t he bov i ne a l bum i n  Mo l ecu l ar we i gh t  ma rker  and the unknown , 
and ref e r r i ng t o  t he ca l i brat i on cu r ve . 
Genus-, Species- ,  and Serovar-Specific i ty ·Tes ting 
Rabb i t  ant i serum ,  spec i f i c  f o r  seve r a l ser ova r s  of bo th � .  
i n t e r rogans and � ·  b i f l exa , was ob ta i ned f rom Dav i d  M i l l e r ,  Na t i ona l 
Vet e r i nary  Se r v i ces Labo rator i es ,  Ames , l A .  1 ·  i n t e r r ogans se rovars 
pomona ,  b r a t i ss l ava , au tumna l i s ,  copenhagen i ,  aus t ra l i s ,  
gr i ppo typhosa , pyrogenes , can i co l a ,  ba l l um ,  t a r assov i ,  ha rdj o ,  and 
batav i ae we r e  used f o r  genus-spec i f i c test i ng of  t he pos i t i ve c l ones . 
1 ·  b i f l exa serovars cod i ce ,  LT43 0 ,  gen t ,  wa r e i den , and waz P438 we re 
used for spec i es-spec i f i c  ana l ys i s  of the c l o�es . FB-E I A ,  EL I SA ,  and 
wes t e rn b l o t t i ng we re  used , as descr i bed above , i n  th i s  ana l ys i s .  
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. RESULTS 
I so l a ted co l on i es f rom the Bam H I  and H i nd I I I  gene l i b rar i es 
wer e  screened f o r  ev i dence of  l eptosp i ra l  an t i gens expr essed by g .  
· co l i JA2 2 1  t ha t  had been t ransformed w i th  t he p l asm i d  p8R322 
con t a i n i ng l ep t osp i ra l DNA . Th i s  ana l ys i s  was poss i b l e on l y  af t e r  
ant i -g .  co l i  JA2 2 1  an t i bod i es had been exhaus t i ve l y  abso rbed f rom 
rabb i t ant i -pa t oc serum . 
Pr e l i m i na ry growth  cur ves of g .  co l i JA 2 2 1  wer e  necessary so 
t ha t  ce l l s  cou l d  be ha r ves t ed i n  stat i ona ry phase f o r  absorp t i on of 
g .  co l i ant i bod i es f rom the · ant i -patoc se rum . F i gu r e  2 i nd i ca t es 
t ha t  g .  co l i  JA2 2 1  was i n  the s tat i ona ry  phas e  of  g r ow t h  af t e r  22 . 5  
h r s  of  i ncuba t i on a t  3 5 °  C w i th  rotat i on ( c . a .  200  RPM ) . g .  co l i 
ce l l s  ha r ves t ed · af t e r  24 h r s  i ncubat i on unde r t hese cond i t i ons we re 
used for  absorp t i on of g .  co l i ant i bod i es f rom the  pat oc an t i serum .  
Four absor bed , poo l ed ant i sera samp l es ( 1 : 60 0 0  t i t e r  by EL I SA )  we re  
used t h r oughout t he exper i men t . EL I SA resu l t s  i nd i cat ed ev i dence of  
ef f ec t i ve r emova l of g .  co l i an t i bod i es a t  d i l u t i ons  g r ea t e r  than · o r  
equa l t o  1 : 5 00  ( OD490  < 0 . 1 ) . 
Appr ox i ma t e l y  9 , 600  and 400 i so l a t ed co l on i es f r om the Bam H I  
and H i nd I I I  gene l i b rar i es ,  respect i ve l y ,  we r e  scr eened by FB-E I A .  
A l l pos i t i ve co l on i es ( c l ones ) wer e  resc r eeneq w i t hout chem i ca l  
l ys i s .  I n i t i a l l y  f i ve pos i t i ve c l ones we re  f ound , 1 f r om t he H i nd 
I I I  l i b rary  and 4 f rom the Bam H I  l i b rary . H- 1 and H-2 a r e  i so l a t ed 
co l on i es f rom t he s i ng l e  pos i t i ve co l ony tha t  K i r s t en Ha l l ,  SDSU 
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F i gure 2 .  Twenty-f i ve hr  growth curves of Escher i ch i a  co l i JA2 2 1  at  35°  C w i th  rotat i on 
(c . a . 2 0 0 RPM) • 
w 
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undergradua t e , i den t i f i ed dur i ng a M i crob i o l ogy Pr ob l ems course . 8 -
7 ,  8 - 9 , 8� 1 1 ,  and 8- 1 2  are  f rom the Bam H I  l i b rary . 8 - 9  appear ed to  
be  weak l y  r eac t i ve i n i t i a l l y ,  bu t subsequen t l y  f a i l ed t o  demonst rate  
posi t i ve r esu l t s .  Rescreen i ng of  the pos i t i ve c l ones { F i gu r e  3 )  by 
l ysed and un l ysed F8 -E I A  demonst rated the l ack of  r eac t i v i t y of 8-9 . 
Not e  the  s t r onge r react i v i ty of  a l l un l ysed pos i t i ve c l ones i n  th i s  
f i gure , i nd i ca t i ng tha t  the ant i gen i s  be i ng expr essed on t he su r f ace 
of t he g. co l i  ce l l .  
The pos i t i ve c l ones we re t es t ed f or t e t racyc l i ne suscep­
t i b i l i t y to demonst ra t e  i nser t i ona l i nac t i va t i on of  the t e t racyc l i ne 
gene of  p8R3 2 2 . A l l of  the pos i t i ve co l on i es wer e  amp i c i l l i n- . 
res i s t an t  { the  amp i c i l l i n gene of p8R3 22 rema i ns i n tact ) and 
t e t racyc l i ne-sens i t i ve .  Su rpr i s i ng l y ,  8-9  was a l so t e t racyc l i ne 
sens i t i ve .  
Re i so l a t i on of  t he p l asm i ds f r om these pos i t i ve c l ones v i a  
a l ka l i ne l ys i s  and aga rose ge l e l ect rophores i s  { F i gure  4 )  revea l �d 
i nser t s  i n  a l l c l ones excep t 8-9 . The presence of  p l asm i d  i n  the 8-9  
c l one i s  i nd i ca t ed by  the DNA band i n  l ane 5 .  However , i t  m i grates 
f a r t he r  t han nat i ve p8R3 22 i nd i cat i ng a l owe r mo l ecu l a r we i gh t , and 
theref o re , l ack · of a DNA i nser t . Not e  the l ack of p l asm i d  DNA i n  
l ane 9 wh i ch con t a i ns non t ransformed g. co l i JA22 1 . The l arger s i ze 
of  the DNA i n  l anes 1 ,  2 ,  4 ,  6 ,  7 ,  and 1 0  con t � i n i ng H- 1 ,  H-2 , 8-7 , 
8- 1 1 ,  8 - 1 2 ,  and H I , respect i ve l y ,  i s  i nd i cat ed by t he s l ower 
m i grat i on of  t he DNA when compa red t o  na t i ve p8R3 2 2  ( l ane 8 ) . The 
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F i gu r e  3 .  FB-E I A  r esc r een i ng o f  pos i t i ve c l ones w i t h  and w i t h ou t  chem i ca l  l ys i s .  Rows o f  un l ysed 
c l ones co r r espond to l abe l i ng on l ysed c l ones . Pos i t i ve con t r o l , PATOC ; nega t i ve 
con t r o l ,  J A  22 1 . l.V l.V 
F i gure  4 .  Aga rose ge l ( 1 % )  of p l asm i ds r e i so l a t ed f r om the  
pos i t i ve c l ones . Lanes 1 t h r ough 1 0  ( l e f t  t o  r i gh t ) 
con t a i n  H- 1 , H-2 , no DNA , 8-7 , 8 - 9 , 8 - 1 1 ,  8 - 1 2 ,  
pu r i f i ed p8R3 2 2 , £ . . co l i JA22 1 , and H- 1 . 
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l a rge , b r i gh t  band near the top of F i gure  4 i s  RNA , wh i ch 
de l i be r a t � l y  was not  r emoved i n  the ext ract i on p r ocess . 
To t es t . the usef u l ness of  the po i t i ve c l ones i n  the d i agnos i s  
of bov i ne l ep t osp i r os i s ,  serum f rom a f i e l d  case o f  l ep t osp i r os i s  
caused by serova r pomona ( cour t esy of C l yde K i rkb r i de ,  Sou t h  Dakota 
St a t e  Un i ve r s i ty ,  B r ook i ngs , SO ) was absorbed as descr i bed above and 
ana l yzed by . both FB-E I A  and EL I SA ( data  not  shown ) . Both  t es t s  
f a i l ed t o  y i e l d  sat i s f actory resu l t s , due p r i ma r i l y t o  the  i nab i l i ty 
t o  r emove t he an t i -£ .  co l i an t i bod i es p resen t i n  t he bov i ne serum .  
I nc r eased nonspec i f i c b i nd i ng was a l so a p r ob l em ,  a common occu r r ence 
i n  work i ng w i t h  bov i ne sys t ems ( C l yde K i rkbr i de ,  persona l 
commun i ca t i on ) . 
Charac t e r i za t i on of son i cated who l e  ce l l s  of  t he pos i t i ve 
c l ones v i a  SDS-PAGE f o l l owed by west ern b l ot t i ng r evea l ed two 
ant i gen i c  p r o t e i n  bands i n  c l ones B-7 and B - 1 1 that  had i den t i ca l  
mo l ecu l a r we i gh t s  o f  4 0K and 30K ( F i gure  5 ) . Wes t e rn b l ot t i ng of 
membrane f ract i ons der i ved f r om these c l ones ( F i gu r e  6 ) a l so revea l ed 
two p r o t e i ns bands i n  the same c l ones , bu t the  mo l ecu l a r we i gh t s  we re 
44K and 3 1 K .  An t i gen i c  prote i n  bands we re  not de t ec t ed i n  c l ones H- 1 
and B - 1 2  ( F i gu r e  6 ) . 
Test i ng t he pos i t i ve c l ones by FB-E I A  us i ng � .  i n t e r rogans 
serova r pomona and autumna l i s ant i sera ( F i gu r e. 7 )  suggest ed that B -7 
and B - 1 1  wer e  exp ress i ng genus-spec i f i c ant i gens due t o  the much 
s t r onge r r eac t i on of t hese un l ysed c l ones as compa r ed t o  t he other  
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Wes t e r n  or  i mmuno-b l ot of son i ca t ed p r epa r a t i ons of the 
pos i t i ve c l ones , 1 ·  b i f l exa se r ovar patoc , and g .  co l i 
JA22 1 . - Lanes : MW-mo l ecu l a r we i ght ma rker s ; pa t ­
ser ova r pa t oc ;  Ec-g . co l i JA22 1 ; H 1 , 8 7 , 8 1 1 ,  8 1 2-
pos i t i ve c l ones . 
F i gu r e  6 .  I 
M W pa c H 1 
m m b r  
W E S T E R 
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Wes t e rn or  i mmuno-b l ot o f  t he membrane f ract i on o f  the 
pos i t i ve c l ones , 1·  b i f l exa serova r pa toc , and g .  co l i 
JA22 1 . Lanes as i n  F i gu r e  5 .  
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F i gu r e  7 .  Genus-spec i f i c  t e s t i ng o f  pos i t i ve c l ones by F8-E I A  us i ng b ·  i n t e r r ogans se r ova r s  pomona 
and au t umna l i s  an t i se r a . Rows ( t op to bo t t om )  H- 1 , H-2 , 8 - 7 , 8 - 9 , 8- 1 1 ,  and B - 1 2 .  
Pos i t i ve con t r o l , PATOC ; nega t i ve con t r o l , E .  COL I . w (X) 
pos i t i ve c l ones . A l though each serum was abso rbed i n  t he same manner 
tha t  had been successf u l  w i th the pa t oc an t i serum , comp l e t i on of th i s  
eva l ua t i on w i th  1 0  other b ·  i n t e r rogans se rovar s  { da t a  not  shown ) 
obscu r ed the r esu l t s somewhat  due to  unsuccessf u l  r emova l of E .  co l i 
I 
ant i bod i es f r om cer ta i n  ant i se ra . Due t o  i nsuf f i c i en t  serum 
quan t i t i es ,  t he ant i se ra were not ana l yzed by EL I SA t o  screen for  
ef f ec t i ve absorpt i on ,  nor were they reabso rbed . The  r eac t i on of 8 - 7  
and 8 - 1 1 ,  however , was rions i sten t l y  much s t ronge r when t es t ed w i t h  
e l even o f  t he 1 2  an t i se ra . Se rova r tarassov i an t i serum ,  w i t h  a 
r epo r t ed MAT t i t e r  of 1 : 1 2 , 800 , reac t ed weak l y  i n  FB-E I A  and west ern 
b l o t t i ng ,  and when retested by MAT was f ound t o  have a 1 " : 1 00 t i t er 
t o  se r ova r pomona , a 1 : 4 00 t i t e r  to  serova r can i co l a ,  and was 
nega t i ve f o r  serova r s  ha rdj o , gr ippotyphosa , i c t e r ohaemo r r hagi ae and 
brat i s l ava . Ta rassov i i s  not one of the serova r s  r ou t i ne l y  used as 
an · an t i gen i n  the MAT ( 2 6 ) , thus the susp i c i on tha t  t he se r ova r 
t arassov i an t i serum was re l at i ve l y  non reac t i ve cou l d  not be 
subst an t i a t ed due to l ack of a cu l tu r e  of  se r ova r t a r assov i f o r use 
as the an t i gen . Unf o r tunat e l y ,  EL I SA resu l t s of se r ova r - and genus­
spec i f i c test i ng ( data  not shown ) us i ng bo th  who l e  ce l l and son i cated 
ant i gen p r epa rat i ons wer e  negat i ve { OD490  va l ues app r ox i ma t e l y  
equa l ed the £ .  co l i JA22 1 negat i ve con t ro l ) f o r  a l l pos i t i ve c l ones . 
For t hese ana l yses , p l a t es we re  coa t ed w i th 2 0  ug p r o t e i n/m l as 
det e rm i ned by the B i o-Rad pro t e i n  det e rm i na t i on .  I n  add i t i on ,  p l a t es 
coa t ed w i th  who l e  ce l l s  at a prote i n  concent rat i on of 5 0 , 1 0 0 ,  and 
200  ug /m l wer e  a l so negat i ve f or a l l pos i t i ve c l ones . 
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Wes t ern  b l ot t i ng of  son i ca ted 8-7 and 8- 1 1  c l ones f rom 
dena tured - po l yacry l am i de ge l s  ( not shown ) f a i l ed t o  demons t ra t e  the 
genus-spec i f i c i t y of the 44K and 3 1 K prot e i n  bands . I den t i ca l  
ana l yses us i ng an t i sera f rom h ·  b i f l exa serova rs ( o t h e r  than pat oc )  
f a i l ed t o  demons t ra t e  spec i es-spec i f i c i t y a l so .  Wes t e rn b l o t t i ng of 
son i ca t ed samp l es of a l l pos i t i ve c l ones ( da t a  not shown ) us i ng 
nondenat u r ed ge l s  d i d  not demonst rate  any genus- , spec i es- , or  
serova r -spec i f i c  pro t e i n  bands us i ng h·  i n t e r r ogans se rova r pomona , 
and L .  b i f l exa serovars  cod i ce and pat oc an t i sera , respect i ve l y .  
4 0  
DISCUSSI ON  
The p resence of  i n t e r f er i ng ant i -g .  co l i ant i bod i es i n  the 
rabb i t an t i -pa t oc i mmune serum became pa i nf u l l y  obv i ous du r i ng ea r l y  
a t t emp t s  t o  scr een the gene l i brar i es f o r exp r ess i o� of  l ep t osp i ra l  
ant i gens . G r owth  cu rves were , theref ore , used t o  det e rm i ne the 
l eng t h  of  i ncuba t i on r equ i red t o  y i e l d  ce l l s  i n  t he s t a t i onary phase 
of g r owth  to be used i n  absorpt i on of  i n t e r f e r i ng an t i bod i es i n  the 
i mmune serum . Due t o  the l ack of OD520  va l ues be tween 1 3 , and 22 . 5  
hrs  of  t he g rowth  curve of g .  co l i  JA22 1 ( F i gu r e  2 ) , s t a t i ona ry  phase 
was not  f i rm l y  es t ab l i shed unt i l af t e r  22 . 5  hr of i ncuba t i on .  
A l though i t  may have begun pr i or to  tha t  t i me , harves t i ng ce l l s  af t e r  
24  h r  i ncuba t i on assured that . they we re i n  s t a t i ona r y  phase . Ce l l s  
ha r ves t ed i n  ea� l y  s t a t i onary phase were used f o r  abso rpt i on ,  s i nce 
the grea t es t  numbe r  of ma t u re , ant i gen-bea r i ng ce l l s  a r e  ava i l ab l e  
du r i ng t h i s  per i od of growt h .  
Ef f ec t i ve abso rpt i on o f  g .  co l i  an t i bod i es f r om the rabb i t 
an t i -pa t oc an t i serum was ach i eved , as mon i t or ed by t he EL I SA us i ng 
non t ransf o rmed g .  co l i JA2 2 1  who l e  and son i ca t ed ce l l s  as t he 
ant i gen . Absorp t i on w i th son i ca t ed g .  co l i  ce l l s  was not  done to  
r emove p rec i p i t i ns ( an t i bod i es t o  so l ub l e an t i gen s )  as had been done 
by Eng l ebe rg  and co l l eagues ( 44 )  i n  the i r wo rk w i t h  Legi one l l a  
pneumoph i l a .  I n  sp i t e of t he l ack of son i ca t e  abso rpt i on ,  the 
absorbed an t i ser um wo rked we l l  i n  the FB-E I A  scr een i ng p r ocedu r e . 
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Because bov i ne l eptosp i r os i s  i s  qu i t e a p r ob l em i n  t e rms of 
d i agnos i� , i t  was of i n t e rest · to  eva l ua t e  t he ab i l i ty of  the pos i t i ve 
c l ones t o  det ec t  ant i - l ep t osp i ra l  an t i bod i es i n  a c l i n i ca l  samp l e  
f rom a f i e l d  case of l ept osp i r os i s caused by se r ova r pomona . The 
bov i ne serum was absorbed us i ng an i den t i ca l  abso r pt i on scheme . 
However ,  t he same ef f ec t  was not ach i eved . Due t o  t he l i m i t ed amoun t 
of  bov i ne serum., the EL I SA was not used t o  eva l ua t e  t he ef f ec t i veness 
of absorp t i on �  Unf or t una t e l y ,  the FB-E I A  ana l ys i s  of t he pos i t i ve 
c l ones was i nconc l us i ve due t o  react i v i t y of  t he ant i sera  w i th  
non t ransf o rmed g .  co l i J A 2 2 1  ( data  no t shown ) . Ca t t l e  may have 
e i t he r  a h i gher  t ota l t i ter  of g. co l i an t i bod i es i n  the i r se rum , o r  
a h i gher  l eve l of ant i bod i es t o  so l ub l e  an t i gens wh i ch wer e  not 
r emoved i n  t he who l e ce l l  absorpt i on .  The p r obab i l i ty i s  h i gh t ha t  
ca t t l e  have a t i t e r  of  g .  co l i an t i bod i es h i gher  t han t h a t  o f  
l abo r a t o ry r abb i t s  because ca t t l e  exper i ence da i l y exposur e  to  E .  
co l i i n  f eed l o t s  and pastures ( C l yde K i rkb r i de ,  p e rsona l 
commun i ca t i on ) . 
Compa r i son of the two gene l i b rar i es r evea l ed that  the 
number of H i nd I I I  co l on i es exp ress i ng l ep t osp i ra l  an t i gens i s  8 
t i mes grea t e r  t han l ep t osp i ra l  ant i gen-bea r i ng Bam H I  co l on i es ( 0 . 25 %  
of the H i nd I I I  co l on i es ve r sus 0 . 03%  of the Bam H I  co l on i es ) . S i nce 
on l y  a sma l l number of H i nd I I I  co l on i es we re  sc r eened , t h i s  
d i screpancy cou l d  be due t o  chance a l one . A l t e r na t i ve l y ,  the  H i nd 
I I I  r es t r i c t i on endonuc l ease cou l d  have c l eaved t h e  l ep t osp i ra l  QNA 
i n  such a way t ha t  the genes cod i ng f o r  l ep t osp i ra l an t i gens we r e  
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p reser ved . The l at t er  i s  poss i b l e ,  because a spec i f i c  rest r i ct i on 
endonuc l ease y i e l ds a un i que " f am i l y  of  f ragment s "  ( 48 )  f ro� t he same 
DNA mo l ecu l e .  A more  comprehens i ve screen i ng of  t he H i nd I I I  gene 
l i b rary  m i gh t  c l ar i f y the d i f f erence i n  expr ess i on be tween the two 
gene l i b ra r i es .  
The exp ress i on rates f ound i n  th i s  resea rch a r e  s i gn i f i cant l y  
l ower t han t he 3%  rate  of express i on of b· pneumoph i l a  an t i gens 
r epo r t ed by Eng l ebe rg et  a l  ( 44 ) , and the 1 . 8% expr ess i on ra t e  of 
Treponema pa l l i dum ant i gens repor t ed by St amm and co l l eagues ( 1 0 1 ) .  
Severa l poss i b i l i t i es may exp l a i n  th i s  appa rent  d i scr epancy : ( i )  
pathogens such as b ·  pneumoph i l a and I ·  pa l l i dum may possess mu l t i p l e  
cop i es of  genes cod i ng f o r  the same ant i gen ,  t hus i ncreas i ng the 
p r obab i l i ty t ha t  the recomb i nan t DNA wou l d  con ta i n  an t i gen-cod i ng 
mat e r i a l ; ( i i )  i nc reased c l eavage of b· b i f l exa se rovar pat oc DNA 
w·i t h i n  t he genes cod i ng f o r  l ep t osp i ra l  an t i gens cou l d  resu l t i n  
c l on i ng o f  genes tha t  can not be t ranscr i bed i n t o  f unc t i ona l 
pro t e i ns ,  ( i i i ) t he s t reng�h  of the promo t e r  and/or  compos i t i on and 
l eng th  of the un t rans l a ted l eader sequence of the c l oned DNA ( 77 )  may 
af f ec t  t he e f f i c i ency of t rans l a t i on ,  or ( i v )  l ep t osp i ra l  an t i gens 
a r e  expressed on t he su rface of the g .  co l i ce l l s  wh i l e  the 
Legi one l l a  and Treponema an t i gens were  not , thus t he i n i t i a l  
screen i ng w i t h  chem i ca l  l ys i s  resu l t s  i n  the appea rance o f  a 
decr eased exp ress i on rate  due to  dena tura t i on of  the l ep t osp i ra l  
su rf ace an t i gens . 
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The f ou r th  poss i b i l i ty i s  perhaps t he mos t l i ke l y .  I t  i s  
suppor t ed i n  t h i s  resea r ch by the obse r va t i on { F i gu r e  3 )  t ha t  un l ysed 
pos i t i ve c l ones react ed mor e  s t rong l y . t han l ysed c l ones . Th i s  t rend 
was not ed on numer ous r escr een i ngs of t he pos i t i ve c l ones . I n  
add i t i on ,  t he p resence of  i mmunogen i c  prot e i n  bands i n  the membrane 
f rac t i on of  c l ones 8-7 and 8-9 a l so suppor ts ev i dence pub l i shed by 
o the r i nvest i ga t o r s  i nd i cat i ng sur face exp r ess i on of  l ep t osp i ra l  
an t i gens . Cha r on and co l l eagues { 25 )  demons t ra t ed t he p resence of 
ant i gens i n  the out e r  shea th  of l eptosp i r as by e l ec t r on m i croscop i c  
obser va t i on o f  ant i body-coat ed l a t ex beads a t t ached t o  the out e r  
sur f ace of � ·  i n t e r rogans ce l l s .  
To ru l e  out the p resence of  so l ub l e an t i gens adhe r i ng t o  the 
NC f i l t e r s  and g i v i ng the appearance of su r f ace exp ress i on of 
l ep t osp i ra l an t i gens , cu l tures of the pos i t i ve c l ones wer e  
cen t r i f uged t o  r emove t he ce l l s .  The supernatan t  was then f i l t e red 
t o  remove any r ema i n i ng ce l l s  us i ng a 0 . 2  urn l ow-p r o t e i n  b i nd i ng 
f i l t e r , t he f i l t e red supe rpa tant  was spo t t ed on t o  NC f i l t e r s , and 
d r i ed f i l t e r s  wer e  ana l yzed by F8-E I A  w i thou t chem i ca l  l ys i s ( data  
not shown ) . None of these samp l es f rom the pos i t i ve c l ones showed . 
ev i dence f or so l ub l e  an t i gens . I n  add i t i on ,  Eng l eberg e t  a l  { 44 )  
r epo r t ed dec r eased r eact i v i ty o f  un l ysed c l ones , wh i l e  St amm ( 1 0 1 ) 
f ound no d i f f er ence i n  t he r eact i v i ty of  l ysed and un l ysed pos i t i ve 
c l ones . The r e f o r e , i f  l ep t osp i ra l  ant i gens we r e  exp ressed on the 
sur f ace of  the g .  co l i ce l l and an t i gens of L .  pneumoph i l a and T .  
pa l l i dum we r e  not , one wou l d  expect a dec rease i n  the expr ess i on rate  
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of l ep t osp i ra l  ant i gens caused by the i r dena t u r a t i on i n  the i n i t i a l  
sc r een i hg p r ocedure . 
The p resence of l ept osp i ra l  DNA i n  t ransf o rmed � .  co l i JA2 2 1  
was subs t an t i a t ed b y  aga rose ge l e l ec t r opho res i s  of  p l asm i ds that had 
been r e i so l a t ed f r om the pos i t i ve c l ones . As expec t ed ,  F i gu re 4 
shows t ha t  a l l p l asm i ds f rom the pos i t i ve c l ones do not  m i grat e as 
f a r  as pBR3 22 , wh i ch i nd i ca t es an i nc reased mo l ecu l a r we i ght ( 77 )  
p resumab l y  due t o  i nse r t i on o f  l ep t osp i ra l  DNA . The amp i c i l l i n­
r es i st ance , t e t racyc l i ne-sens i t i v i t y o f  a l l pos i t i ve c l ones 
cor robo ra t es t h i s  f i nd i ng ,  s i nce nat i ve pBR3 2 2  w i t hout any DNA 
i nser t s  i s  both amp i c i l l i n- and t e t racyc l i ne - r es i s tan t ( 1 5 , 77 ) . 
B-9  showed no ev i dence f o r  the p resence of f or e i gn DNA ; i t  
appea r s  t o  be sma l l e r than nat i ve pBR3 22  { F i gure  4 ) . The f i nd i ng 
t ha t  B - 9  i s  t e t racyc l i ne-sens i t i ve l i ke t he pos i t i ve c l ones seemed 
somewha t puzz l i ng at f i rs t . Howeve r ,  de l et i ons w i t h i n  t he 
t e t r acyc l i ne gene that  resu l t i n  the l oss of t e t r acyc l i ne r es i s t ance 
a re not uncommon { 1 5 ) . Thus , i t  i s  poss i b l e  to i so l a t e  a 
t e t racyc l i ne-sens i t i ve co l ony f r om a gene l i b rary  con t a i n i ng pBR3 22 
t ha t  does not con t a i n  f o r e i gn DNA . A de l et i on i n  t he t e t racyc l i ne . 
gene wou l d  exp l a i n  bot h  the sma l l er s i ze of  the  p l asm i d  i so l ated f rom 
B - 9  and the t e t racyc l i ne-sens i t i v i ty of  B-9 . 
Cha ract e r i za t i on of the pos i t i ve c l ones by SDS-PACE and 
west e r n  b l o t t i ng r evea l ed the ex i st ence of  two p r o t e i n  bands I n  
c l ones 8-7  and 8- 1 1 . The mo l ecu l a r we i gh t  of the l a rger  band va r i es 
depend i ng on the f ract i on t ested by i mmunob l ot t i ng ( son i ca t ed 
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f ract i on ,  4 0K ; membrane f ract i on ,  44K ) . The mo l ecu l a r we i ght  of the 
sma l l e r p r ot e i n  var i es on l y  by 1 K , wh i ch i s  p r obab l y  an i ns i gn i f i can t 
d i f f e r ence . The mo l ecu l ar we i gh t  d i f ference i n  t he l arger prot e i n  may 
be due t o  d i f f er ent  so l ven t s : PBS was the so l vent used f or the 
son i ca t ed samp l es ,  wh i l e 0 . 1 5  M sod i um ch l or i de was used t o  so l u­
b i l i ze the  membrane f ract i on .  D i f f erences i n  t he chem i ca l  na ture  of  
t hese so l ven t s . cou l d  have a l tered the pro t e i n  s l i ght l y ,  and changed 
i t s appar en t  · mo l ecu l ar we i ght . 
I n  add i t i on t o  demons t rat i ng i dent i ca l  p r o t e i n  bands on 
wes t e rn b l ot t i ng ,  p l asm i ds i so l a t ed f rom 8-7 and B - 1 1 wer e  of 
s i m i l ar s i ze ,  and both  c l ones r eacted s i m i l a r l y  dur i ng genus­
spec i f i c  t es t i ng by FB-E I A . · Theref ore , t hese c l ones may con ta i n  the 
same l ep t osp i ra l  DNA . De t e rm i nat i on of  the s i ze of  t he DNA i nse r t s 
wou l d  not  on l y  add t o  the know l edge about t he DNA cod i ng f or 
l ep t osp i ra l  an t i gens , but i t  m i gh t  ver i f y t ha t  B - 7  and 8- 1 1  are  
expr ess i ng t he same DNA . Rest r i ct i on mapp i ng o f  t he i nse r t s  i n  these 
two c l ones a l so m i ght  va l i da t e  t h i s  hypo thes i s  ( 77 ) . 
Know l edge of the s i ze of t he DNA i nse r t s  may a l' so he l p  
exp l a i n  t he p resence of the two an t i gen i c  p r o t e i n  bands i n  c l ones B- 7 
and B- 1 1 .  The DNA i nse r t  may be too sma l l t o  cons i s t of more  than 
one gene [ gene s i ze i s  approx i ma t e l y  1 000 base pa i rs ( Ca r l West by , 
Sout h  Dakot a  Sta t e  Un i ve rs i ty , B rook i ngs , SD , pe r sona l 
commun i ca t i on ) ] ,  or  conce i vab l y ,  there may be enough DNA t o  code f or 
mo re  t han one p r o t e i n .  The two prote i ns do not  appea r t o  represen t a 
monome r and d i me r , s i nce one wou l d  expec t app r ox i ma t e  doub l i ng of  the 
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mo l ecu l ar we i gh t  we re  tha t  the case . They cou l d ,  howeve r , represen t 
d i f f er en t  s i zed o l i gome r s . I t  i s  a l so poss i b l e  t hat  a nonprote i n  
mo i et y  i s  m i ss i ng f rom the sma l l e r mo l ecu l e .  Fu r the r ana l ys i s  to  
t es t  f o r  the p resence of l i p i ds and ca rbohyd r a t es may be va l uab l e  i n  
exp l a i n i ng the  p resence of the two prot e i n bands . Ant i gens w i th 
common ant i gen i c de t e rm i nan t s i t es but d i f f e r i ng mo l ecu l a r we i gh ts 
wer e  f ound i n  Lept ospi ra  by  N i i kura  e t  a l  ( 83 ) , and by  Gu l i g and 
assoc i at es ( 5 3 )  i n  Haemoph i l us i nf l uenzae . 
Other i nvest i ga t ors  have f ound an t i gens w i t h mo l ecu l ar 
we i gh t s  s i m i l ar to  those desc r i bed i n  th i s  resea r ch . The genus­
spec i f i c an t i gen ( as det e rm i ned by comp l ement f i xa t i on and EL I SA )  of 
Sakamot o  et a l  ( 96 )  that  was prepa red by T r i t on X- 1 00 t rea tmen t of L .  
i n t e r rogans se rova r kremas t os had a mo l ecu l a r we i gh t of  62K . 
However ,  chem i ca l  ana l ys i s  of th i s  an t i gen i nd i ca t ed a compos i t i on of  
6 1 %  ( w/w ) p r o t e i n ,  7 . 5% ( w/w) neu t ra l  suga r , and 6%  ( w/w } am i no 
suga r , accoun t i ng f or on l y  74 . 5% of the t o t a l d r y  we i gh t  of  th i s  
ant i gen ( 96 ) . The authors- sugges t  that  the r ema i nder o f  t he dry . 
we i gh t  i s  T r i t on X- 1 00 bound t o  the an t i gen ( 96 ) . I f  th i s  i s  the 
case , t he actua l mo l ecu l a r we i ght  of the g l ycop r o te i n  an t i gen wou l d  
be 46K , and t he mo l ecu l a r we i ght  of the p r ot e i n  componen t wou l d  be 
38K . Both  va l ues a r e  w i th i n  reasonab l e  range of  t he h i ghe r mo l ecu l a r 
we i gh t  bands f ound i n  th i s  s tudy ( 40K , and 44K i n  son i ca t e  and 
memb rane f ract i on ,  r espect i ve l y ) . N i i kura  and h i s  co l l eagues ( 83 )  
demons t ra t ed a the rmostab l e  32K MW an t i gen i n  a v i ru l en t  bu t not an 
av i ru l en t  c l one of � ·  i n t e r rogans serovar copenhagen i .  Th i s  prote i n  
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i dent i f i ed by . SDS-PAGE f a i l ed t o  react w i t h  e i ther  v i r u l en t or 
av i ru l en t  an t i serum in i mmunob l o t t i ng expe r i ment s  ( 83 ) . Ano ther 
an t i gen ext racted f rom the av i r u l ent · c l one , had a mo l ecu l a r we i gh t  of 
4 1K and r eact ed w i th bot h  v i ru l en t  and av i ru l en t  an t i sera i n  
i mmunob l o t t i ng expe r i men t s  ( 83 ) . The r epo r t  by Chapman and 
co l l eagues ( 24 )  of  ant i gens i n  t he range of 2 9 - 3 5K MW was t he on l y  
l i t e ra t u r e  f ound tha t  i nd i cat ed det ec t i on o f  genus-spec i f i c  ant i gens 
by i mmunob l o t t i ng .  These an t i gens were shown t o  con t a i n  p r o t e i n  and 
carbohyd r a t e  component s  ( 24 ) . The sma l l e r p r o t e i n  band f ound i n  th i s  
i nvest i ga t i on cor r e l a t es we l l  w i th  th i s  mo l ecu l a r we i ght  range . 
The f a i l u r e  t o  demonst rate  l ep t osp i ra l p r o t e i n  bands i n  
c l ones H- 1 , H-2 , and B- 1 2  may be due t o  t he l oss of ant i gen i c  
r eac t i v i t y due t o  des t ruct i on of the t e r t i a ry s t r uct u r e  of  the 
p r ot e i n  by t he denatur i ng cond i t i ons o f  the  ge l ( 93 ) . Sc reen i ng 
t hese pos i t i ve c l ones by nondenatur i ng ge l s ,  howeve r ,  d i d  not  revea l 
i mmunogen i c  p r ot e i n  bands . S i nce reso l ut i on of  p r o t e i ns i n  a 7 . 5% 
po l yacry l am i de ge l i s  l i m i 1 ed to  the range of  1 4K t o  200K MW ( Er i c  
Ne l son , Sout h  Dako ta Sta t e  Un i vers i ty ,  persona l commun i ca t i on ) , any 
ant i gens hav i ng a h i ghe r mo l ecu l a r we i ght  t han 2 0 0K wou l d  not  be 
r eso l ved on t he ge l s  used i n  th i s  research . I t  i s  a l so poss i b l e  tha t  
t h e  son i ca t i on p rocess used i n  the prepa rat i on of  the c l ones f o r  SDS­
PAGE caused dena tura t i on of these pro t e i ns ,  mak i ng them un r eact i ve on 
wes t e rn b l o t s .  
I t  seems un l i ke l y  that  l eptosp i ra l  an t i gens other  t han 
p r o t e i ns wou l d  be exp ressed i n  g . . co l i ,  s i nce exp r ess i on of l i p i ds ,  
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po l ysacchar i des , o r  l i popo l ysaccha r i des wou l d  r equ i r e t he presence of 
several  enzymes for the i r cor rect assemb l y .  The p r obab i l i ty of 
successf u l l y  c l on i ng an t i gens requ i r i ng mu l t i s t ep assemb l y  i s  qu i t e 
r emo t e , because ( i )  t ransf orma t i on i s  much l ess ef f i c i en t  when l a rge 
p i eces of DNA a r e  used , and ( i i )  t he chances a r e  l ow t ha t  a 
r est r i ct i on enzyme w i l l  c l eave the DNA i n  the  cor r ect l oca t i ons to  
p r eserve . t he mu l t i p l e  genes requ i red f o r  assemb l y .  The poss i b i l i ty 
of  c l on i ng an enzyme capab l e  of conve r t i ng an g. co l i l i p i d  t o  a 
l ep t osp i ra l l i p i d  i n  a one-st ep process i s  poss i b l e  ( Ca r l West by , 
persona l commun i ca t i on ) , however ,  i t  i s  un l i ke l y  t ha t  such an an t i gen 
wou l d  be det ec t ab l e  on wes t ern b l ot t i ng .  W i t h  t he excep t i on of 
Loeb ' s  work ( 74 )  w i th  Haemoph i l i s i nf l uenzae Type b su r face 
component s , l i popo l ysaccha r i des have no t been successf u l l y  de tec t ed 
by wes t e rn b l ot t i ng .  No tab l y ,  the western  b l o t p r ocedu r e  used by 
Loeb ( 74 )  e l i m i na t es me thano l f rom the t ransf e r  buf f e r , bu t i n  the 
cu r r en t  resea r ch met hano l was a componen t of  t he t ransf e r  buf f er . 
Thus , had successf u l  c l on i ng of an ant i gen i c  l i p i d  occu r red i n  �h i s  
expe r i men t i t  i s  h i gh l y  i mp robab l e  t ha t  i t  wou l d  have been det ec t ed 
by west ern  b l ot t i ng .  
Genus-spec i f i c screen i ng of the pos i t i ve c l ones by FB-E I A  
appea r ed t o  i nd i ca t e  the presence o f  genus-spec i f i c an t i gens a n  
c l ones B-7  and B - 1 1 . I mmunob l ot t i ng and the EL I SA screen i ng of these 
c l ones f a i l ed t o  conf i rm th i s ,  howeve r .  The appa rent  d i screpancy 
between FB-E I A  and i mmunob l ot t i ng may be due t o  denat u r a t i on of the 
an t i gens i n  the l at te r  t est  ( 1 9 , 1 06 ) . I t  seems r easonab l e  that  a 
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s i ng l e  p r ot e i .n cou l d  be genus-spec i f i c due t o  t e r t i a ry s t ructure  i n  
the nondenat u r ed f orm and ser ovar -spec i f i c  i n  t he dena tu red f o rm .  
A l t e rnat i ve l y ,  t he genus-spec i f i c nature  o f  t he an t i gen cou l d  r es i de 
i n  a l i p i d  o r  ca rbohydrat e  mo i ety  wh i ch i s  not t ransf e r red t o  the NC 
paper dur i ng wes t e rn b l ot t i ng ( 1 9 , 1 06 ) . Nondenat u r ed ge l s  f a i l ed t o  
demonst ra t e  any l ep t osp i ra l  bands , howeve r ,  wh i ch may b e  due t o  
denatura t i on i n  t he preparat i on o f  t he c l ones b y  son i ca t i on o r  t o  the 
h i gh mo l ecu l a r we i gh t of  these prote i ns p r even t ng sepa r a t i on i n  a 
7 . 5% po l yac ry l am i de ge l . 
Fa i l u re  t o  de tect . l eptosp i ra l an t i gens us i ng t he EL I SA ,  wh i l e  
t he FB-E I A  t es t  was successf u l , may be due t o  t he i nc r eased pro te i n­
b i nd i ng capac i ty of  NC f i l t ers  ( 1 4 , 5 1 ) .  B i nd i ng of  son i ca t ed g. co l i 
c l ones t o  po l ystyrene at  2 0  ug prot e i n/m l p robab l y  r ep r esen t s  
app r ox i ma t e l y  9 9 %  g. co l i prot e i n ,  thus l ep t osp i r a l p r o t e i n  b i nd i ng 
may be a t  an undet ectab l e  l eve l ( 69 ) . Kenny and Dunsmoo r  ( 69 )  
repo r t ed t ha t , when m i xtures are  used t o  coa t EL I SA p l a t es ,  un l ess a t  
l east 1 %  o f  the tota l coa t ed prot e i n  rep resen t s  t he des i r ed ant iRen 
i t  may be undet ec tab l e .  At tempt s  t o  coat  w i t h  l a rge r  p r o t e i n  
quant i t i es wer e  a l so unsuccessf u l . Th i s  was p robab l y  due to  the 
i nab i l i t y of  l ep t osp i ra l  prote i n  to  compet e  f o r t he l i m i ted number of 
p r o t e i n  b i nd i ng s i t es on the po l ystyrene . The EL I SA as app l i ed here , 
us i ng a m i x t u r e  of  E .  co l i and l ep t osp i ra l  an t i gens w i t h  t he ma j or i t y 
of  the p r o t e i n  be i ng of g. co l i o r i g i n ,  i s  t heref o r e  sub j ect t o  
decr eased sens i t i v i ty and spec i f i c i ty ( 69 ) . 
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I f  t he genus-spec i f i c nat u r e  of  t he an t i gens expr essed by B-
7 and B- 1 1  can be ver i f i ed ,  i t  may be poss i b l e  t o  i so l at e  these 
an t i gens and use them i n  se ro l og i c  t es t i ng as we l l  as i n  vacc i ne 
p r oduct i on .  A number  of i nvest i ga t or s  have r epo r t ed s t ud i es 
i nvo l v i ng genus-spec i f i c ant i gens . Fa i rbr o t he r  ( 4 5 )  has suggested 
t ha t  the genus-spec i f i c ant i gens do no t s t i mu l a t e  p r o t ec t i ve i mmun i ty 
due t o  s t i mu l a t i on of a so l e l y  l gM r esponse i n  cat t l e .  The genus­
spec i f i c an t i gens used i n  the expe r i ment s  we re the Pat E an t i gen of 
Bake r and Cox { 7 , 1 04 )  and the Pa t F ant i gen of  Myer s  and Co l to r t i 
( 80 ) . Ne i th e r  o f  these an t i gens have been chem i ca l l y  cha racter i zed . 
Ad l e r and Fa i ne { 2 ) f ound tha t  t he l i popo l ysaccha r i de ( LPS) of 
l ep t osp i ras , un l i ke other gram negat i ve bac t e r i a ,  does not s t i mu l a te  
p r o t ec t i ve an t i bod i es .  l soga i and co l l eagues { 6 0 )  a l so f ound that  
l ep t osp i ra l  LPS was a much l ess po t en t  i mmunogen t han g .  co l i LPS . 
The par t i a l l y  pur i f i ed genus-spec i f i c p r o t e i n  an t i gen of Sakamoto  and 
co l l eagues ( 96 ) , has not been eva l uat ed f o r  i t s ab i l i t y to s t i mu l a te  
p r o t ec t i ve ant i bod i es .  Pu r i f i ed p r ote i ns have been successf u l l y. 
used , p r obab l y  mos t notab l y  i n  t he d i ph ther i a-pe r t uss i s- t et anus ( OPT )  
vacc i ne { 5 3 , 1 1 5 ) . S i nce i t  rema i ns t o  b e  pr oven tha t  genus-spec i f ·i c 
p r o t e i n  an t i gens do not st i mu l a t e  p r o t ect i ve i mmun i t y ,  i t  may be 
poss i b l e  to use a pu r i f i ed genus-spec i f i c  prote i n  an t i gen i n  vacc i ne 
p r oduc t i on . 
Cur ren t l y  most  vacc i nes ( bacter i ns )  used f or con t ro l  of 
l ep t osp i r os i s  a r e  mer th i o l a te- i nact i va t ed who l e  cu l t u res conta i n i ng a 
m i n i mum of 1 X 1 09 l eptosp i res f rom each serova r i nc l uded i n  a 
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mu l t i va l en t  vacc i ne { 1 0 ) . V i ru l ent l ep t osp i res have been used 
because t hey a r e  bet ter  i mmunogens than av i ru l en t  l ep t osp i res { 9 ) . 
Wh i l e i t  appea r s  tha t  genus-spec i f i c  an t i gens of  uncer t a i n  chem i ca l  
compos i t i on do not st i mu l at e  protect i ve i mmun i ty { 45 ) , and . that  
nonpa thogen i c  l ep t osp i res are · not as  i mmunogen i c  as pa thogens , a 
pu r i f i ed genus-spec i f i c prote i n  ant i gen may be ef f ec t i ve because i t  
i s  a be t t e r  i mmunogen than l i p i ds or  ca rbohyd r a t es . An added 
advan t age of a genus-spec i f i c vacc i ne wou l d  be e l i m i na t i on of the 
need t o  vacc i na t e  f or a l l se rova rs endem i c i n  a g i ven geograph i c  
a r ea wh i ch i s  cu r r ent l y  necessa ry t o  adequa t e l y  con t r o l  
l ep t osp i r os i s .  Even tua l l y ,  a saf e ,  genus-spec i f i c  vacc i ne m i ght  be 
deve l oped f or the a t - r i sk human popu l a t i on ,  whe r eas one i s  cur rent l y  
not  ava i l ab l e { 5 ) . 
Because exp ress i on requ i res tha t  a gene be t ransc r i bed as 
we l l as t rans l at ed { 48 ) , a promoter  mus t be p r esen t f o r  
t ranscr i p t i on . I n  the pos i t i ve c l ones i so l a t ed dur i ng th i s  
i nves t i ga t i on ,  i t  appea rs that  e i ther  rest r i c t i on-enzyme c l eavag� d i d  
not sepa r a t e  the l eptosp i ra l promoter  f rom t he gene , o r  the gene can 
be t ransc r i bed us i ng an g. co l i promo t e r  on t he p l asm i d  p8 r 3 22 { 48 ) . 
Cons i de r i ng the two poss i b i l i t i es ,  t he mos t p robab l e  
cand i da t e  f or an g. co l i promoter  i n  the Bam H I  c l ones may be the 
t e t racyc l i ne p r omot e r  of pBR322 { 1 1 8 ) , s i nce the l ep t osp i ra l  DNA was. 
i nser t ed i n t o  the tet racyc l i ne gene . Th i s  cannot  be t he case f o r  the 
H i nd I I I  l i brary , because the H i nd I I I  c l eavage s i t e  l i es w i th i n  the 
t e t racyc l i ne p r omot er  and i nser t i on i nact i va t es t h i s  p r omo ter  { 1 0 3 ) . 
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F i ve maj or p romo t e r s  wer e  i dent i f i ed i n  p8R3 22  by Stuber and Buj ard 
( 1 0 3 ) , '  t he r e f o r e  one of these p r omo t e r s  may a l l ow t ransc r i pt i on of  
genes i n  t he H i nd I I I  c l ones . The maj or advant age of an g.  co l i 
p r omot e r  i s  t he i nc r eased pr obab i l i ty of  i ts r ecogn i t i on by g .  co l i 
RNA po l yme rase , resu l t i ng i n  t ranscr i p t i on ( 77 ) . · However ,  i f  the 
p r omot e r  we r e  of  l ep t osp i ra l o r i g i n ,  the p robab i l i t y of co r rect 
spac i ng o f  the p r omo ter  r eg i ons i n  r e l a t i on to t he t ransc r i pt i on 
s t a r t  s i t e  i s  i ncreased ( 77 ) , wh i ch wou l d  a l so p r omot e  expr ess i on of 
t he c l oned gene . Ye l ton and Cohen ' s  ( 1 1 9 )  ana l ys i s  of  t he c l oned 
t rpE gene ( f r om the same Bam H I  l i brary  used i n  t h i s  r esearch )  
i nd i cat ed tha t  the p r omo ter  was mos t probab l y  o f  l ep t osp i ra l  o r i g i n .  
Ev i dence cons i st ed of t he f i nd i ngs tha t  l ep t osp i ra l  DNA cou l d  be 
c l oned i n t o  pBR322 i n  e i ther o r i entat i on w i t hou t a f f ec t i ng t he 
expr ess i on r at e ,  and tha t  t ransposon mutagenes i s  o f  r eg i ons on e i ther 
s i de of  t he c l oned DNA d i d  not af f ect  the exp r ess i on of  the t rpE gene 
( 1 1 9 ) . W i t hout add i t i ona l expe r i men tat i on ,  t he o r i g i n  of t he 
p r omo t er f o r  t he l ep t osp i ra l  an t i gens rema i ns pu r e l y  specu l a t i ve .  
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The r esea r ch p resent ed he re  adequa t e l y  answer ed t he f i rst  
ques t i on posed : l ep t osp i ra l ant i gens can be expressed i n  g .  co l i 
JA22 1 . A sear ch of  t he ava i l ab l e  l i t e ra t u r e  i nd i ca t es t ha t  t h i s  
resear ch r ep resen t s  t he f i rs t  pub l i shed i ns t ance of c l on i ng a gene 
cod i ng f or l ep t osp i ra l ant i gens and expr ess i on of  t hose ant i gens i n  
g .  co l i .  The u t i l i ty of t hese an t i gens i n  t he sero l og i c  d i agnos i s  of 
l ep t osp i r os i s ,  howeve r ,  rema i ns ques t i onab l e .  Prepara t i on of these 
ant i gens f or sero l og i ca l · t es t i ng wou l d  be very  t i me consum i ng and 
i mprac t i ca l  due to ( i )  the necess i ty f or ex t ens i ve absor p t i on of  E .  
co l i  an t i bod i es f rom an i ma l  sera , ( i i )  the var i ab i l i t y i n  the l eve l 
of ant i bod i es f rom spec i es t o  spec i es and an i ma l  t o  an i ma l , and 
t he p r obab l e  need t o  absorb w i th  both son i ca t ed and who l e  ce l l s  
ef f ec t i ve l y  r emove ant i bod i es t o  so l ub l e  as we l l  as par t i cu l at e  
ant i gens . Thus , un l ess a d i f f e rent host bac t e r i um can be f ound 
wou l d  e l i m i na t e  the need to absorb host an t i bod i es f r om c l i n i ca l  
serum samp l es ,  t hese ant i gens ( i n the i r p r esen t f o rm )  · a r e  not 
pract i ca l  f o r  use i n  rout i ne d i agnos i s  of l ep t osp i r os i s .  
( i i i ) 
to  
wh i ch 
The f i na l  quest i on abou t the na t u r e  of  t he l ep t osp i ra l  
ant i gens exp r essed i n  g. co l i was pa r t i a l l y  answe r ed . C l ones 8-7  and 
B - 1 1 possess an t i gen i c  prot e i n  bands ( 44K and 3 1 K  MW )  i n  t he membrane 
f ract i on of  son i ca t es . Due to apparent  conf l i c t i ng r esu l t s of FB-E I A  
and i mmunob l ot t i ng ,  on l y  the serova r -spec i f i c na t u r e o f  these 
p r o t e i ns cou l d  be ve r i f i ed .  
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Con t i nua t i on of the resea rch cou l d  add t o  t he accumu l a t i ng 
know l edge about Lept ospi ra by : ( i )  l earn i ng mor e  abou t t he chem i ca l  
nat u r e  of  t he l ep t osp i ra l  ant i gen through i nves t i ga t i ons t o  de term i ne 
t he p resence of  l i � i ds or carbohydrat es tha t  may be a t t ached t o  the 
p r ot e i n  por t i on ;  ( i i )  remova l of l ep t osp i ra l  DNA i nser t s  w i t h  
r es t r i ct i on enzymes f o l l owed by i so l a t i on of  t he i nser t s  by agarose 
ge l e l ect rophor es i s  and base sequence ana l ys i s  of t he DNA ; and ( i i i ) 
exp l o r i ng t he pot ent i a l  tha t  these c l ones m i gh t  l ead t o  a genus­
spec i f i c vacc i ne f or l ep t osp i ros i s .  I n  add i t i on ,  pur i f i cat i on of the 
p r o t e i n  bands i dent i f i ed by i mmunob l ot t i ng ,  and/or  se l ect i on of  an 
a l t ernat i ve host f o r  the recomb i nan t DNA ( e l i m i na t i ng the need for  
ext ens i ve absorp t i on procedures ) ,  m i ght  resu l t i n  an a l t e rna t i ve 
ant i gen sou rce f o r  se ro l og i c  d i agnos i s  of l ep t osp i r os i s .  
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